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(54) Utie: METHOD AND DEVICE FOR ATTRACTING INSECTS 
(57) Abstract 



A method and device for at- 
tracting insects involving the gen- 
eration and/or release of particular 
amounts of carbon dioxide. Partic- 
ular formulations as well as devices 
which incorporate such formulations 
for trapping, attracting and destruc- 
tion of particular insects, including 
boring insects, such as termites and 
com root worm insects, is set forth. 
Particular methods of administration 
of formulations and devices to en- 
hance insect control and to prevent 
crop damage are disclosed. 
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What is claims fa - 



1. A method for controlling root worm infestation, 
comprising: 

applying an organic component. selected from the 
group consisting of spent grain, distxller's grain, corn 
cob grits and microorganisms capable of producing 
effective amounts of C0 2 at about the time of planting 
and/or cultivation of a crop, and applying an effective 
amount of a thiamethoxam insecticide in conjunction with 
said organic component, said component applied by a 
method selected from the group consisting of plowing said 
compound into a field onto which a crop is to be grown 
and applying said compound between the rows of crop 
plants, whereby said compound emits effective levels of 
CO, to attract corn root larvae. 

2. A method as set forth in Claim 1, wherein the 
step of applying comprising plowing said organic 
component into the soil of a field such that said 
components are administered in strips between or adjacent 
to rows of corn. 

3. A method for controlling root worm infestation, 
comprising: 

a PPlying an organic component selected from the 
group consisting of spent grain, distiller's grain, corn 
cob grits and microorganisms capable of producing 
effective amounts of C0 2 at about the time of planting 
and/or cultivation of a crop, and applying an effective 
amount of a neonicotinoid class of insecticide in 
conjunction with said organic component, said component 
applied by a method selected from the group consisting of 
plowing said compound into a field onto which a crop is 
to be grown and applying said compound between the rows 
of crop plants, whereby said compound emits effective 
levels of C0 2 to attract corn root larvae. 
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4- The method as set forth in Claim 3, wherein 
said step of applying is conducted during the planting 
and cultivation periods of a corn crop. 

5. A method for attracting corn root worm larvae, 
comprising placing a source of CO, emitting agent, jn 
combination with a thiamethoxam insecticide that, does not 
repel corn root worm larvae, an effective distance from 
the roots of plants such that larvae/insects are 
attracted to said agent without causing damage to said 
plant roots. 

6. A method for attracting corn root worms, 
comprising placing a source of C0 2 emitting agent, an 
combination with a neonicotinoid insecticide that does 
not repel corn root worm larvae, an effective distance 
from the roots of plants such that larvae/insects are 
attracted to said agent without causing damage to said 
plant roots. 

7. A formulation for attracting corn root worms, 
comprising a thiamethoxam insecticide that does not repel 
corn root worms and an effective amount of a component 
selected from the group of spent grain, distillers gram, 
corn cob grits, germinated corn, clean cracked corn, 
malted barley, malted grain, corn gluten feed, fungal 
organisms, bacteria, algae, microorganisms, inorganic 
carbonates, calcium carbonate, bicarbonate, alkyl 
carbonate, urea-based components, and mixtures thereof. 

8. A formulation for attracting corn root worms, 
comprising a neonicotinoid insecticide that does not 
repel corn root worms and an effective amount of a 
component selected from the group of spent grain, 
distillers grain, corn cob grits, germinated corn, clean 
cracked corn, malted barley, malted grain, corn gluten 
feed, fungal organisms, bacteria, algae, microorganisms, 
inorganic carbonates, calcium carbonate, bicarbonate, 
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alkyl carbonate, urea-based components, and mixtures 
thereof . 



9. A method for controlling root worm infestation, 
comprising: 

applying an organic component about the time of 
planting and/or cultivation of a crop, said organic 
component capable of producing effective amounts of CO,; 

applying, in conjunction with said organic 
component, an effective amount of a compound selected 
from the group consisting of: 

abamectin, AC 303 630, acephate, acrinathrin, 
alanycarb, aldicarb, alphamethrin, amitraz, avermectin, 
AZ 60541, azadirachtin, azinphos A, azinphos M, 
acocyclotin; 

Bacillus thuringienais, bendiocarb, 
benfuracarb, bensultap, betacyf luthrin, bifenthrin, BPMC, 
brofenprox, bromophos A, bufencarb, burofezin, 
butocarboxin, butylpyridaben; 

cadusafos, carbaryl, carbofuran, 
carbophenthion, carbosulfan, cartap, CGA 157 419, CGA 
184699, chloethocarb, chlorethoxyf os, chlorf envinphos, 
chlorfluazuron, chlormephos, chlorpyrifos, chlorpyrifos 
M, cis-Resmethrin, clocythrin, clofentezine, cyanophos, 
cycloprothrin, cyfluthnn, cyhalothrin, cyhexatin, 
cypermethrin, cyromazine; 
95 deltamethrin, demeton M, demeton S, demeton-S- 

methyl, diaf enthiuron, dia2inon, dichlofenthion, 
dichlorvos, dicliphos, dicrotophos, diethion, 
dif lubenzuron, dimethoate; 

dimethyl vinphos, dioxathion, disulfoton; 
edifenphos, emamectin, esfenvalerate, 
ethiofencarb, ethion, ethofenprox, ethoprophos, 
etrimphos; 

fenamiphos, fenazaquin, fenbutatin oxide, 
fenitrothlon, fenobucarb, fenothiocarb, fenoxycarb, 
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fenpropathrin, fenpyrad, fenpyroximate, fenthion, 
fenvalerate, fipronil, fluazinam, f lucycloxuron, 
flucythrinate, f lufenoxuron, flufenprox, fluvalinate, 
fonophos, formothion, fosthiazate, fubfenprox, 
furathiocarb; 

HCH, heptenophos, hexaf lumuron, hexythiazox; 

Imidacloprid, ipobenfos, isazophos, isofenphos, 
isoprocarb, isoxathion, ivermectin, lambda-cyhalothrin, 
lufenuron; 

malathion, mecarbam, mervinphos, mesulf enphos, 
metaldehyde, methacrif os, methamidophos, methidathion, 
methiocarb, methomyl, metolcarb, milbemectin, 
monocrotophos, moxidectin; 

naled, NC 184, NI 25, nitenpyram; 

omethoat, oxamyl, oxydemethon M, oxydeprofos; 

parathion A, parathion M, permethrin, 
phenthoate, phorate, phosalone, phosmet, phosphamidon, 
phoxim, pirimicarb, pirimiphos M, pirimiphos A, 
profenofos, promecarb, propaphog, propoxur, prothiofos, 
prothoate, pymetrozin, pyrachlophos, pyridaphenthion, 
pyresmethrin, pyre thrum, pyridaben, pyrimidifen, 
pyriproxifen, guinalphos; 

RH 5992; 

salithion, sebufos, silafluofen, sulfotep, 
sulprofos, tebufenozia, tebufenpyrad, tebupirimiphos, 
teflubenzuron, tefluthrin, temephos, terbam, terbufos, 
tetrachlorvinphos, thiafenox, thiodicarb, thiofanox, 
thiomethon, thionazin, thuringiensin, tralomethrin, 
triarathen, triazophos, triazuron, trichiorfon, 
trif lumuron, trimethacarb, transf luthrin; 

vamidothion, XMC, xylylcarb, zetamethrin. 
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SECTION: NEWS; SCIENCE MATTERS; Pg. B8 

LENGTH: 322 words 

HEADLINE: Controlling termites with C02 

BYLINE: R. SCOTT HORNER, SUNSENTINEL, KRT 

BODY: 

A researcher has found that termites are naturally attracted to carbon dioxide gas. The discovery may lead to safer 
and cheaper ways to protect houses from destructive termite infestations. 

Carbon dioxide experiment 

1) Termites put in end of tube. 

2) C02 is pumped into one of pipe's two outlets; normal air is pumped into the other. 

3) Termites sense C02 with their antennae. At T-shaped intersection, most follow the pipe leading to the C02 source. 
Why Termites Seek C02 

Detecting food: Roting wood, the termites main food source, releases C02. 

Finding Home: C02 levels inside termites nest are higher than in the normal surrounding soil. 

Possible Practical Application 

A substance that slowly releases C02 gas, buried outside a home, might be used to lure the termites into traps or 
insecticide. 

Termites' Social Organization 

Termites live cooperatively in a colony with three castes that are adapted physically to their jobs 
Workers collect food, build the nest and take care of young. The most numerous members of a colony. 

- Wingless; can be male or female. 

- Microorganisms in disgestive tract convert wood cellulose into usable food. 

- Soft body vulnerable to dehyderation; moist soil gives protection. 

Soldier termites with strong jaws defend the colony against attack by ants and other enemies. They use their large 
heads to block tunnel entries. 



Reproductive termites include king and queen, which maintain the nest's population. Each spring, they swarm from 
the nest in large numbers to mate. 

Queen may live more than 10 years. If she dies, a secondary queen replaces her. 

Prehistoric Termites Mounds 

Fossilized mounds 150 to 220 million years old and as much as 120 feet deep have been discovered in Arizona and 
New Mexico. Intricate tunnels and chambers inside are identical to those in a modern termite nest. 

Source: R. Scott Horner, SunSentinel, KRT. 



GRAPHIC: Graph/Chart: Controlling termites with C02 
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SECTION: This Week: Ecological Society of America meeting, Pg. 10 
LENGTH: 369 words 
HEADLINE: Dying for change 
BYLINE: Kurt Kleiner (Baltimore) 

HIGHLIGHT: High carbon dioxide levels may have surprising consequences 
BODY: 

WHILE rising levels of atmospheric carbon dioxide might make plants grow faster, they could be bad news for plant- 
eating insects. A Florida biologist has found that subtle increases in C02 can kill leaf-eating moths by reducing the 
nutritional value of the leaves they feed on. 

Peter Stiling, a biologist at the University of South Florida in Tampa, says the new research contributes to the 
mounting evidence that the ecological changes brought about by increasing C02 levels are likely to be hard to predict. 
"It looks like elevated C02 has at least as many direct effects as indirect effects," he says. 

Stiling looked at several species of mining moths, whose larvae tunnel through leaves for food. By examining the 
tunnels, or "mines", they left behind, Stiling and colleagues could tell whether the larvae had died inside the mine, were 
killed by predators such as spiders or ants, or were eaten from the inside out by the larvae of parasitic wasps. Stiling 
conducted the experiment at the Kennedy Space Center in Florida in 16 open-topped chambers containing myrtle oak 
and sand-live oak. Half of the chambers had normal C02 levels, while the other half had approximately double the 
normal level ofC02. 

Stiling found that many more larvae died in the chambers with high C02 levels. About 10 per cent of the larvae in the 
high C02 chambers died inside the mines, compared with only 5 per cent in the chambers with normal C02 levels. The 
deaths within the leaf mines probably resulted from malnutrition, Stiling says. Plants in high C02 conditions grow 
bigger and faster, but their lower nitrogen content makes them poorer nutritionally. 

Many more high C02 larvae fell victim to parasites as well. Stiling says the reason is probably related to poor 
nutrition. Larvae in high C02 plants had to eat more leaf in order to get enough food to mature. Stiling says the bigger 
mines might have been more obvious targets for parasitic wasps, and the increased amount of time the larvae spent in 
the leaves made it more likely that they would be found. Also, malnourished larvae might have been more susceptible to 
the parasites, he says. 

For more science news see http://www.newscientist.com 



The Associated Press 

The materials in the AP file were compiled by The Associated Press. These materials may not be republished without 
the express written consent of The Associated Press. 

January 20, 1998, Tuesday, BC cycle 

SECTION: Business News 

HEADLINE: Cheap control for com killer? 

DATELINE: FORT COLLINS, Colo. 

Using common household ingredients, a Colorado State University researcher has come up with a way to kill, or at 
least baffle, a worm that plagues the nation's com producers. 

Louis Bjostad, an entomology professor, has been testing several nontoxic materials that target the Western com 
rootworm, a pest that causes $1 billion in crop losses in the United States each year. 

Bjostad and colleagues at the university, who have been studying the rootworm for more than a decade, discovered 
that the larvae are guided to their meal by carbon dioxide, which is produced by com roots. 

To steer the pests off course, the research team manufactured nontoxic granules and pellets that also release carbon 
dioxide. The granules, placed near the com seed at planting time, release carbon dioxide, attracting the larvae away 
from the roots. 

"These larvae must find the com roots within 24 hours after hatching or they die," Bjostad said. "We are essentially 
sending them away from the plant so by the time they realize their mistake, weVe dealt a lethal blow." 

The main ingredients in Bjostad's concoction are bakers yeast and a nutrient mixture, or sodium bicarbonate, citric 
and other acids that combine to produce carbon dioxide naturally. 

Bjostad said he also is on the verge of identifying key chemicals responsible for stimulating rootworm larvae to feed 
on com roots. 

He hopes to add those chemicals to his formulas so the larvae not only are attracted to the pellets, but also are tricked 
into feeding on the pellet itself. That would give the com root additional time to mature and become less vulnerable to 
the pests, he said. 

"The whole idea is to develop a biological control that isn't toxic, costs less and is safer for workers to handle," he 
said. 

Bjostad said his team also discovered other pests, including termites, use carbon dioxide to find their food source. 

The discovery opens the door for a number of uses, such as luring termites to monitoring traps or to sources of 
insecticides, he said. 

GRAND FORKS, N.D. (AP) - The Agriculture Department has made its canola insurance program permanent, making 
it easier for wheat and barley farmers to add canola to their crop rotation. 

Tom Borgen, a director of the Northern Canola Growers Association, said the decision could cause production of the 
plant in North Dakota to grow by leaps and bounds this year. Seeds from canola are used to make an oil prized for its 
low saturated fat. 

In 1997, North Dakota planted roughly 490,000 acres of canola. Initial projections indicate farmers in the state could 
plant as many as 850,000 acres in 1998. 

The state's 1997 canola production set a record, at 590 million pounds, USD A said. 

As wheat prices drop, canola production will become all the more attractive, especially if farmers can insure it in the 
same way as other crops, Borgen said. 



Copyright 1995 New Scientist, Reed Business Information 
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SECTION: Technology, Pg. 25 
LENGTH: 560 words 

HEADLINE: Volcanic gas kills evil weevils 

BYLINE: LAURA SPINNEY 

BODY: 

CARBON dioxide from a volcanic source at the edge of Kenya's Rift Valley could be used instead of ozone-depleting 
methyl bromide to rid grain stores of pests, say British and Kenyan researchers. 

Methyl bromide and phosphine are the most widespread crop fumigants in Kenya. But according to the United 
Nations Environment Programme, methyl bromide accounts for between 5 and 10 per cent of ozone depletion 
worldwide. A conference of the countries that signed the Montreal Protocol in Nairobi last May decided to phase out 
methyl bromide by 2006. And phosphine is becoming less effective as resistance builds up in insects. 

Now research carried out by the British Natural Resources Institute and the Kenyan Agricultural Research Institute 
(KARI) suggests that natural carbon dioxide could replace these harmfiil imported fumigants. 

The research team treated a concrete silo containing maize grain in Nakuru, Kenya, with natural carbon dioxide 
extracted from an underground source in the nearby Kijabe region by Nairobi-based company Caibacid. The 
experimental silo was filled to capacity with 2200 tonnes of maize and another silo, which was not full due to shortage 
of maize was used as the control. Cotton bags of maize infected with adult maize weevil were placed at intervals 
throughout the silos. The weevil has a high tolerance to carbon dioxide. After the silos were fumigated the researchers 
analysed the bags for live and dead insects and incubated the grain samples to see whether any offspring emerged. 

Offspring only hatched in the control silo, say the researchers. Kimondo Mutambuki, an entomologist at KARI, says 
that fumigation killed most of the insects, although only further experiments can confirm the effects. In one experiment 
both silos produced equal numbers of dead insects. This happened because the grain was damp and had started to 
ferment and produce its own carbon dioxide, says Peter Simpson, general manager of Carbacid. 

As well as being less harmful to the environment, carbon dioxide can be fed into the silos using the same system of 
ducts and valves as methyl bromide. As long as the silos are properly sealed and the atmosphere maintained, insects will 
not return. In contrast, methyl bromide must be reapplied frequently. "Natural carbon dioxide has tremendous potential 
as a fumigant," says Simpson. It should not add to the global warming, he says, because the gas would be released 
anyway. 



For more science news see http://www.newscientist.com 
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DECEMBER 2, 1987, WEDNESDAY 

LENGTH: 175 words 

HEADLINE: researchers use carbon dioxide as fumigant in grain storage 

DATELINE: london, december 2 

BODY: 

scientists have used carbon dioxide gas as a fumigant to control insect infestation in grain storage, the latest issue of 
"world grain" magazine has reported, in a joint venture project, researchers from the Philippines, australia and europe 
stored grain in sealed plastic enclosures which were filled with carbon dioxide, when they opened the enclosures at the 
end of the 2-3 month experiment, the scientists found that insects on the floor sheets and those sieved from the samples 
were all dead, the percentage of insect-damaged grain in the treated stocks also was lower than that of untreated stocks, 
the magazine said, insect pests are the major cause of losses in grain storage, a survey in the Philippines shows that 5- 
1 1 percent of grain stored over seven or eight months is lost due to insects, this new technique, when used during long- 
term grain protection, is more economical than conventional chemical control measures that often result in insect 
resistance and accumulation of toxic residues in foodstuffs, the magazine said. 

PESTICIDES (90%); RESEARCH (90%); HAZARDOUS WASTE (88%); JOINT VENTURES (72%); TOXIC & 
HAZARDOUS SUBSTANCES (50%); 
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SECTION: TECHNOLOGY NEWSLETTER; Pg. 46 

LENGTH: 173 words 

HEADLINE: Carbon Dioxide kills bugs in rice 
BODY: 

Carbon dioxide has cracked the industrial market for use as a rice fumigant in the-U.S. Airco (Murray Hill, N.J.) has 
contracted to supply American Rice with 1,500 tons/year of CO[2] to fumigate its rice storage facilities in Houston. 
Airco is awaiting approvals from the Environmental Protection Agency before marketing the system for use on other 
grains. 

Malcolm Matthews, Airco president, says that commercial-scale tests at American Rice showed that carbon dioxide 
completely penetrated storage bins with capacities of 1 million lb of rice. After 24 hours, 99% of the adult insects 
planted in the rice for the test were found dead; conventional chemical fumigants took twice as long to achieve the same 
result Airco sees a potential market in two or three years for treating more than 20,000 tons/year of rice. CO[2] is 
already used as a fumigant in many European countries and in Australia (CW, June 13, 1979, p. 23). As a result of new 
EPA rules, CO[2] only recently has been examined as a fumigant in the U.S. 
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SECTION: Section C; Page 3, Column 1; Science Desk 

LENGTH: 725 words 

HEADLINE: SCIENCE WATCH; 
Insect Pest Detector 

BODY: 

Hidden insects that devour millions of dollars worth of stored grain each year are usually undetected until their 
damage has been done. But a Federal Department of Agriculture scientist has found that the carbon dioxide given off by 
the insects 1 metabolism can be a clue that they are present. 

Dr. William A. Bruce, an entomologist in the Agriculture Department's Science and Education Administration, has 
shown that the carbon dioxide can be detected even in the presence of normal atmospheric carbon dioxide. Using an 
infrared carbon dioxide gas analyzer, Dr. Bruce devised a system that is sensitive enough to detect a single insect in a 
1 , 000-gram (2.2 pounds) sample of food or grain within minutes after starting the search. 

An advantage of the detection method is that it is simple and quick to use and leaves no residues that could affect 
food quality, Dr. Bruce said. The Agriculture Department reports that laboratory tests of the system have been 
successful on wheat, flour, corn meal, food mixes, cocoa powder, candy bars and dried fruit. The system is now being 
tested in large bulk grain storage facilities. 

Toxic Flavoring Agent 

A synthetic flavoring agent used since the 1940's as an imitation grape or cherry flavor has been found to cause cancer 
in male and female mice and in male rats in tests conducted for the National Toxicology Program of the National 
Cancer Institute, the institute has announced. 

The flavoring agent, cinnamyl anthranilate, is used in amounts ranging from 1.7 to 730 parts per million in beverages, 
ice cream, candy, baked goods, gelatins, puddings and chewing gums. In smaller concentrations it is used as a fragrance 
in soaps, detergents, creams, lotions and perfumes. 

In bioassay tests, liver cancers were found in 79 percent of male mice and 67 percent of female mice that had been 
given relatively high doses. They were also found in 60 percent of male mice and 41 percent of females that received 
low doses. In a control group that had not been given the flavoring compound, 29 percent of the males and 6 percent of 
the females developed cancers over the two-year testing period. 

Most compounds that are found to be carcinogenic in tests are generally considered capable of causing cancer in 
humans. But the tests do not provide information that can be used to predict the frequency at which cancers may occur 
in humans under actual conditions of exposure, the institute said. 

The chemical was selected for testing because of its extensive use in food products, coupled with animal studies in 
1973 that had shown an increased occurrence of lung tumors in mice that had been given the flavoring. 

The results of the tests are being studied by the Food and Drug Administration, which is expected to take some action 
on the chemical in the next several weeks. The agency has the power to approve, ban or regulate the use of the 
compound after public hearings. 



Natural Colored Cotton 



A University of Texas doctoral student in anthropology who went to Peru to study Indian folklore and traditional 
farming methods has discovered a breed of cotton there that grows in five natural colors, the university's department of 
botany has reported. The cotton, whose different strains grow white, beige, brown, purple and gray bolls, has also been 
found to be highly drought resistant and salt tolerant. 

The student, James Vreeland, brought back samples of the cotton, which are now growing in a greenhouse on the 
university's campus in Austin and in Arizona at the United States Department of Agriculture's cotton research center. 

The cotton variety is believed to have been growing for the last 4,500 years in northern Peru. The finding has 
generated new research into the durability and other qualities of the colored cotton fiber, as well as into its biological 
and genetic traits. A scientific team will go to Peru next year to study the cotton in its native setting and to investigate 
its commercial potential. Systematic seed collections will be made for the Agriculture Department. 



METHOD < AND DEVICE FOR. ATTRACTING INSECTS 

RELATED APPLICATION 
(?>ernklCtL^ + qQ ^ ion in a continuation-in-part application 
5 ULS. Orient &pp). filed November 4, 1999, in which the U.S. 
Mo- Oys^^fS ;d. 

1 FIELD OF THE INVENTION 
t The presenlTTnvention is directed to a method and device 

10 for attracting certain insects, and more particularly is 
directed to a method and device for attracting termites to 
ultimately trap or otherwise destroy such termites, as well as 
a method to reduce damage caused by corn root worms. . 

15 BACKGROUND OF THE INVENTION 

The damage caused by various insects, and in particular, 
wood boring and eating inspects, such as termites, is 
extensive around the world, totaling .in the hundreds of 
millions of dollars. Various methods and* devices have been 

20 used in the past in an attempt to alleviate or at least 
ameliorate the significant destruction caused by such insects'. 
For example, so called "baits stations" have been utilized in 
an attempt to attract termites and thereby trap and/or destroy 
the termites that enter into such bait stations. Bait 

25 stations are available in a variety of shapes, -sizes and 
structures, but principally rely upon the attractiveness of a 
cellulase product, such as paper or wood, to attract termite 
populations. It is believed that the termites are attracted 
to the cellulase wood product as a food source, however, prior 

30 art investigators have never conclusively determined, what 
particular aspect of the cellulase product used in such bait 
stations actually is the attractive agent. Such cellulase 
products are typically treated with a toxin so that when the 
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termites consume the treated cellulase products, such termites 
are incapacitated and/or killed. A significant problem in 
termite control, however, is the long period of time required 
for termites to discover the food baits. 
5 There is presently a long felt but unsolved need for a 

method and device that is capable of attracting termites, and 
in particular, a method and device for attracting and 
incapacitating and/or killing boring insects such as termites, 
beetles, etc. in a fashion superior to prior art methods and 
10 devices. 

Another aspect of the present invention involves the 
reduction of damage to crops, particularly corn crops, caused 
by the corn root worm. The damages . caused by such insects is 
estimated to be over one billion dollars in the U.S. alone. 

15 Although pesticides have been used in the past to remedy such 
problems, they have been largely ineffective and have proven 
to cause environmental problems and to be fairly expensive. 
The present inventors were the first to discover that root 
worm larvae navigate to food sources by detecting carbon 

20 dioxide. There is therefore a long felt, but unsolved need 
for a method and formulation capable of attracting corn root 
worms to avoid the significant damage done by such insects 
every year. 

25 SUMMARY OF THE INVENTION 

The present invention is directed to a method and device 
for attracting ..certain insects, and in particular, boring 
insects such as termites and beetles. A separate aspect of 
the invention relates to a method and formulations for 

30 alleviating and/or reducing corn root worm damage. In one 
embodiment to the present invention, the method comprises the 
use of particular amounts of C0 2 as an attractant for such 
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boring insects. The present invention includes not only the 
method for using particular novel formations, but the 
formulations themselves, as well as devices which incorporate 
such formulations for the trapping and/or destruction of 
5 boring insects. 

With respect to the present novel formulations, such 
formulations generally have in common the ability to give off 
particular amounts of C0 2 found by the present inventors to be 
particularly attractive to boring insects such as termites. 

10 In one embodiment, the present formulation comprises the 
generation of C0 2 in a concentration of from between about 2 
mmol/mol to about 50 mmol/mol, more particularly in amounts 
greater than about 2 mmol/mol and less than about 20 mmol/mol, 
and even more preferably between about 5 and about 10 

15 mmol/mol. Preferred C0 2 concentrations are at least above 
ambient concentrations. Such C0 2 concentrations can be 
generated using one or more of a biological generation source, 
a chemical generation source and a mechanical generation 
source. For example, certain bacterial, fungal (e.g., yeast), 

20 algal and other microorganism formulations can be used that 
generate the above-referenced concentrations of C0 2 over a 
particular period of time.. Alternatively, chemical reactions 
that generate G0 2 can be utilized to achieve such 
concentrations such as carbonate, calcium, carbonate and 

25 various bicarbonate formulations as set forth and/or referred 
to herein. Finally, mechanical systems which incorporate the 
slow release of ; contained sources of C0 2 . can be utilized to 
achieve desired objectives of the present invention. 
Combinations of the biological, chemical and mechanical 

30 methods and devices are also within the scope of the present 
invention. The detailed description of such embodiments can 
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be found in the detailed description of the preferred 
embodiments , below . 

The novel method of the. present invention comprises the 
generation of C0 2 in an amount within the above-specified 
5 ranges in order to attract boring insect populations. For 
example, such method comprises positioning an enclosure 
containing one or more of the above-referenced biological, 
chemical and/or mechanical sources of C0 2 in an area sought to 
be protected from boring insects such as termites . Various 

10 controls with respect to C0 2 generation fall within the scope 
of the present invention, including temperature, light 
sensors, temporal adjustment mechanisms, etc., to achieve 
desired C0 2 emissions within appropriate concentration ranges 
at particular times of day and/or night, and/or at particular 

i5 ambient temperatures at which insects may be most attracted to 
such sources, etc. 

With respect to the device of the present invention, 
various forms and structures are in contemplated including 
bait traps . and stations similar to those commercially 

20 available. Still other embodiments, however, have a varied 
configuration as set forth in the figures. 

A separate aspect of the present invention involves the 
use of charred cellulose material, and in particular charred 
wood, as an attractant for boring insects such as termites. 

25 While not being bound by theory, the present inventors believe 
that charred wood' provides an easier target material for 
boring insects and thus, over evolutionary time, such boring 
insects have evolved a particular attraction to charred 
cellulase as a feeding stimulant. A further aspect of the 

30 present invention, therefore, includes the particular novel 
compositions and formulations found in charred wood that 
attracts such boring insects and the use of such compounds in 



the above-described method, devices and formulations for 
attracting and extermination of undesired insects such as 
boring beetles, termites, etc. 

Also included within the scope of the present invention 

'* 5 are the use of chemical mimics of C0 2 to induce behavioral 
manipulation of any boring insect population, including all 
termite species. Such C0 2 mimics include, but are not limited 
to, haloalkanes and alkylcarbonates . 

The various formulations of the present invention that 

10 comprise C0 2 or C0 2 mimics, may further be combined with 
sources of insecticide, sources *of food, feeding stimulants, 
or other materials that arrest and/or stimulate termite 
movement or behavior. In addition, the use of C0 2 or 'C0 2 
mimics, alone or in combination ' with other components, can be 

15 used to disrupt the orientation behavior of termites in a 
behavioral fashion, rather than as acting as a physiologically 
deleterious fumigant. Thus, C0 2 and C0 2 mimics can be used as 
co-attractants for termites along with other attractive 
materials that may have fundamentally different chemical 

20 compositions. The formulations of the present invention can 
be used to attract termite's to termite traps, and further can 
be used to monitor the presence or abundance of particular 
termite .species. 'Indeed, in one embodiment of the present 
invention manipulation of the amount of C0 2 generated can be 

25 adjusted to attract a particular species of termite, given the 
present inventors' appreciation and recognition that different 
C0 2 concentrations are more or less attractive to various 
species of termites. An extensive list of termite bait 
compounds that can be used in conjunction with the present 

30 invention to fashion appropriate formulations is shown in 
tables set forth below. 
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A separate aspect of the present invention relates to a 
method and formulation for ameliorating the damage caused by 
corn root worms. The present inventors were the first to 
discover that corn root worms are capable of navigating to 
5 food sources by detecting carbon dioxide emitted from roots. 
The present invention is directed to various formulations 
found effective in attracting such root worms in a manner that 
protects growing crops from destruction by such insects. In 
particular, the present inventors are the first to discover an 

10 inexpensive and readily available material that, if applied 
properly, can be used to vastly reduce the damage caused by 
corn root worms. In particular, the present inventors are 
first to discover that spent grain and distillers grain can be 
used by farmers as a readily available and inexpensive source 
•15 of a C0 2 . evolving agent. "Farmers must apply such spent 
grain/distillers grain components into the soil during 
planting and/or cultivation (e.g., in temperate climates such 
as Colorado, from May - July) so that C0 2 is generated during 
a period of time that the corn root worm larvae are present . 

20 By plowing such material into the soil, C0 2 is evolved and 
corn root worm larvae are confused as to the source of C0 2 
being generated, thus sparing the corn roots which would 
normally be the target, for such root worms. 

In a particularly preferred method of the present 

25 invention, rather than generally plowing spent 
grains/distillers grain materials into a field, such material 
is administered to the fields in strips in between or adjacent 
to corn rows , thus providing a source of C0 2 that attracts 
corn root worms away from growing corn plants . The present 

30 invention not only encompasses , therefore, the method of 
applying such materials at particular times during the growing 
season, but also to machinery used to preferably administer 
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such material. Indeed, the present invention involves a new 
use for existing machinery used in planting and in fertilizer 
applications, such as a cone planter and starter fertilizer 
equipment, conventionally used for corn planting and 
5 fertilization. Such existing machines can be further modified 
to achieve the desired objective of the present invention so 
that sources of C0 2 evolving substances can be precisely 
contacted with the soil to achieve the corn root worm 
attract ant obj ective . 

10 Corn root worms can be attracted by use of biological, 

chemical and mechanical means, most preferably biological and 
chemical means as set forth herein as applicable to other 
boring insects, such as termites. 

An obvious advantage of the present invention is that C0 2 

15 is an inexpensive, environmentally-friendly compound that is 
readily available and can be generated in a number of ways. 

These and other advantages and aspects of the present 
invention will be described in detail below and with reference 
to the experimental examples and figures. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates how a typical cone planter can be 
modified in order to place formulations of the present 
invention a desired distance from a particular corn seed. 

Fig. 2 illustrates how a starter fertilizer attachment on 
a corn planter can be utilized to properly place the 
formulations of the present invention within a desired 
distance from a corn seed. 

Fig. 3 illustrates one embodiment of a jar trap for 
insects, including termites. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS ; 

The present inventors incorporate by reference the 
following U.S. Patents in their entirety, such patents 
disclosing various compounds and formulations that are useful 
in conjunction with the present invention. U.S. Patent No. 
5,338,551 to Lajoie; U.S. Patent No. 5,342,630 to Jones; U.S. 
Patent No. 5, 346, 704 to Lajoie; U.S,. Patent Nos. 5,389, 386, 
5,415,877, 5,424,270, 5,425,952, 5, 4 32,14 6, 5,432, 14 7, 
5,432,148, 5,443,835 and 5,464,805 to Winston; U.S. Patent No. 
5,468,715 to Joseph et al.; U.S. Patent Nos. 5,468,716, 
5,496,568, 5,518,986, 5,518,987 and 5,583,089 to Winston. 

One aspect of the present invention is directed to the 
alleviation- of corn root worm damage by providing a C0 2 
evolving agent in a planted field so as to attract and/or 
otherwise confuse corn root" worms, thus reducing the damage 
caused by such root worm to corn roots. Although biological, 
chemical and mechanical methods, as otherwise set forth herein 
can be used, biological and chemical formulations are 
particularly preferred. Indeed, the present inventors are 
first to appreciate the use of inexpensive and readily 
available materials to accomplish the objective of reducing 
corn root worm damage done to corn crops in the United States 
and elsewhere in the world. Specifically, the present 
inventors have discovered that spent grain and/or distiller's 
grain can be used, easily obtainable from breweries and 
alcohol generation facilities, such materials being either 
generally plowed into fields at appropriate times during the 
planting, cultivation and/or growing season, and/or precisely 
located in such fields to achieve desired attractant 
functions. Farmers typically plow organic materials into 
their soils in the fall, however, this practice means that C0 2 
is long evolved and dissipated long before the springtime 
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planting and cultivation periods. It is during the planting 
and cultivation periods that the corn root worm larvae is 
present and initiates destruction of corn roots. The present 
invention thus entails the first appreciation and recognition 
5 that by contacting (e.g., plowing) particular biological 
material, ' such as spent grain/distiller's grain into a field 
(e.g., corn fields), at an appropriate time in the spring or 
early summer (or any other planting and/or cultivation period 
in more temperate climates) it is possible to ameliorate the 

10 destruction caused by corn root worms. 

In addition to the above-referenced C0 2 evolving agents, 
charcoal, activated carbon and decolorizing carbon, all 
readily available in the commercial marketplace, also have 
behavior activities against insects and are useful as 

15 substrates that can form carbon dioxide when they are placed 
in contact with soil. Moreover, corn cob grits can be used as 
an acceptable microbial substrate for the production of C0 2 . 
This material is readily available, inexpensive and provides 
a long, slow 'release formulation for the production of C0 2 to 

20 accomplish the objectives of the present invention. 

In a preferred embodiment, strips of biological and/or 
chemical C0 2 evolving material are contacted with fields 
between or adjacent to the rows of plants. This can be 
accomplished by using various existing machines such a cone 

25 planters or starter fertilizer equipment. Modifying such 
equipment to achieve the desired precise placement of C0 2 
evolving materials is preferred and such modifications will be 
obvious to one of skill in the art given the general teachings 
and guidance of the present invention. Various biological 

30 sources for C0 2 evolving agents include ground germinated 
corn, clean cracked corn, malted barley, any other malted 
grain, corn gluten feed, fungal organisms such as yeast, 



9 



bacteria, such as S. cervisae (sour dough bread starter) , 
algae, and various other microorganisms that exist in soil. 

Various chemical C0 2 evolving agents can be used, such as 
those mentioned herein, preferably including carbonates, 
5 including inorganic carbonates such as calcium carbonate, 
bicarbonates and alkyl carbonates. Urea-based compounds can 
also be utilized- In addition, double or other multiple 
acting compounds such as double acting baking powder can be 
utilized. It is within the scope of the present invention to 

10 combine the chemical and biological C0 2 evolving agents in 
various formulations.; For example, spent grain, preferably in 
a dried form, can be mixed with appropriate amounts of 
carbonates and/or bicarbonates and/or urea to form appropriate 
compounds for attracting corn root worm larvae/insects. 

15 Another aspect of the present invention involves the hew 

use of dried spent grain and/or distiller's grain. Typically, 
spent grain and distiller's grain is .provided in a "wet" 
composition. Such a form is not suitable for commercial sale 
for use as a C0 2 evolving agent since in such a "wet" and/or 

20 moist state, the material will rot and will evolve C0 2 prior 
to the time that it is administered to the soil. Thus, one 
aspect of the present invention involves the manufacture of 
dry spent grain/distiller' s grain having a long shelf life so 
that it can be sold and properly administered to fields so as 

25 to accomplish the C0 2 evolving objective of the present 
invention . 

Various other co-attractants can be added to the present . 
inventive formulations (e.g. , phermones, etc. ) to further 
enhance the attractive features of the present formulations. 
30 In preferred embodiments, the formulations of the present 

invention are produced in either a solid or liquid form. In 
a solid form, the present invention is preferably in granular 
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form of a nature and size that facilitates administration of 
such granules through existing insecticide administering 
equipment used in conventional farming operations. These 
include, but are not limited to a noble meter and a Winter- 
5 Steiger meter. In addition, liquid forms of the various 
formulations are contemplated which are believed to be easier 
to handle and to administer. For example, such liquids could 
be crop dusted and/or subject to chemigation, using center 
pivot irrigation systems. Moreover, the present invention can 

10 be in the form of a gel or slurry for particular applications. 

It is further within the scope of the present invention 
to use other available sources of C0 2 generation such as dry 
ice or more concentrated forms of . C0 2 agents. Indeed, one 
aspect of the present invention involves a method for applying 

15 C0 2 evolving agents at a particular advantageous distance from 
roots of plants to attract various insects (e.g., corn root 
worms) . The farther away a C0 2 agent is placed from a plant 
root, the stronger (e.g., concentrated) the C0 2 evolving agent 
can be. The goal is to attract desired larvae/insects without 

20 causing damage to plant roots and thus, the distance and 
■ concentration parameters will vary depending upon the 
particular plant involved and the particular C0 2 evolving 
agent employed . 

The inventors are also the first to appreciate the 

25 generation and use of a compound that is useful not only to 
alleviate corn root worm problems, but at the same time, 
provides advantageous fertilization to desired plants. By use 
of ammonium bicarbonate, for example, ! not only is C0 2 
generated which attracts corn root worm larvae, such compound 

30 also acts to provide needed nutrients and fertilizer to corn 
plants. 
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Another aspect of the present invention relates to the 
use of charred cellulose material, such as wood, to attract 
various insects, such as boring insects, and in particular, 
termites. The present inventors are the first to appreciate 
5 the use of charred wood as a bait for termites, including the 
role of burned wood as a source of volatile and non-volatile 
attractants and as a source of feeding stimulants for 
termites. As with corn root worms, in addition to charcoal, 
activated carbon decolorizing carbon and corn cob grits can be 

10 used as the attractant/C0 2 evolving agent. 

Any form of burned or charred natural materials or 
artificial materials (e.g., plastic, inorganic materials 
(clay) ) may be used, preferably burned cellulosic 
matrix/burned polymeric matrix. The pyrolysis products of 

15 burning are similar for 'such materials as wood, paper, 
cardboard, fabric, textiles, wool, silk, bone, hair, horn, 
claws, or any other natural products, and the pyrolysis 
products of artificial polymers mimic the pyrolysis products 
of natural materials in many instances. 

20 Examples of behavioral manipulation of termite species 

include, but are not limited to, the following: 

Use of charred wood, products of charred wood, or other 
burned materials: (a) to attract termites to traps for 
monitoring the presence or abundance of termite species; (b) 

25 to attract termites to sources of insecticides, insect growth 
regulators, or other toxic or physiologically active 
materials; (c) as feeding stimulants for termites, to induce 
them to feed on sources of insecticides, insect growth 
regulators, or other toxic or physiologically active 

30 materials; (d) to attract termites to sources of food, feeding 
stimulants, or other materials that arrest termite movement; 
(e) to disrupt the orientation behavior of termites 
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behavioral ly rather than acting as a physiologically 
deleterious fumigant; (f) as co-attractants for. termites along 
with other attractive materials that may have fundamentally 
different chemistry; and (g) for the behavioral manipulation 
5 of any termite species, including use of such burned materials 
as attractants or feeding stimulants for termites . 

Still other aspects of the present invention relate to 
the use of compounds that are chemically isolated from burned 
wood or other burned materials: (a) as attractants for 

10 termites; (b) as feeding stimulants for termites; and (c) for 
use in disrupting termite behavior in any way. 

With respect to ■ the aspect of the present invention 
■ involving the attraction and/ or termination of termites, the 
herein described biological, chemical and mechanical means can 

15 be utilized. With respect to mechanical means, in a preferred 
embodiment, jars having appropriately sized holes therein are 
utilized within which are stored attractant material. As can 
be seen in Figure 3, the physical configuration of such jars 
can be greatly varied, however, a shorter, squatter 

20 configuration is particularly preferred. Moreover, apertures 
in the jars are preferably spaced about the circumference of 
the jar, and more preferably, evenly spaced throughout the 
surface area of the jar's sides. An important aspect of the 
present invention is the total area of apertures with respect 

25 to the jar's surface. In a preferred embodiment, no more than 
about 10% of the surface area of the jar comprises apertures, 
and more preferably, less than about 5% of the surface area of 
the jar. In a particularly preferred embodiment, the limited 
access of termites to the interior of the jar is believed to 

30 be advantageous given that termites seek such relatively small 
openings, potentially due to the higher concentrations of C0 2 
emitting from such orifices. The physical configuration of 
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such bait traps is typically that of "jars", such jars 
constructed of any suitable material including plastic, glass, 
ceramic, metal, etc. In general, the larger the volume of the 
bait trap, the better. In a particular embodiment, the 
5 diameter of the bait jar used is about 90 mm, with a height of 
about 100 mm and has hole diameters of approximately 3 mm 
wherein at least about 50 holes are evenly distributed over 
the entire circumference of the jar. 

Within such bait traps, the attractant material of the 

10 present invention is provided. Indeed, in one embodiment, the 
present invention comprises the addition of soil, to bait traps 
as the attractant material. Soil, which may include sand, 
gravel, pebbles, dirt, as well as other constituents, is 
freely attainable and especially when used in conjunction with 

15 conventional bait traps having cellulose products therein, the 
addition of soil is found to provide impressive and unexpected 
attractant results . 

. With respect to chemical attractive agents for use in 
termite attraction, regulation and extermination, citric acid 

20 combined with sodium bicarbonate is particularly preferred, 
especially in a pelletized form. Indeed, "fizzies" have been 
found to be particularly advantageous as a termite control 
attractant when added to soil having a moisture content of at 
least about 10% and more preferably about 20% of moisture. 

25 While the majority of the Detailed Description of the 

Present Invention has been directed to boring insects such as 
termites and corn root worms, it should be appreciated that 
the present invention has application with various other 
insects, including, but not limited to carpenter arts and 

30 carpenter bees. Indeed, as set forth in the figures, various 
devices can be produced in accordance with the particular 
identifying characteristics of an insect sought to be 
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attracted. For example, a carpenter ant and a carpenter bee 
attractant/trapping device is set forth in the figures. 

With respect to the production of appropriate amounts of 
C0 2 , an amount over the ambient C0 2 concentrations is required. 
Typically, ambient C0 2 concentrations are around .05% and up 
to .1% in urban areas. Thus, C0 2 concentrations of at least 
about .2%, preferably between .5% and 1% by volume and more 
preferably at least about 1% by volume. In other embodiments, 
however, concentrations of between 2% and 50%, and even up to 
100% of C0 2 by volume, may be useful, dependent upon the 
particular application of the present invention to a 
particular insect. At 100% C0 2 concentrations, C0 2 - acts as a 
fumigant rather than an attractant. It will be appreciated-, 
however, that at sufficient distances from a C0 2 source, the 
more concentrated C0 2 source may be desired to act as an 
attractant so that appropriate C0 2 concentrations . in the 
particular area in the vicinity of an insect is achieved. 

Other compounds can be added to the present formulations 
to achieve either attractant or destruction ability of the 
formulation. For example, various poisons can be mixed with 
the C0 2 bait traps of the present invention. Essentially, any 
insecticide or insect growth regulator can be used in 
conjunction with a C0 2 evolving source. Examples of such 
compounds include hexaflurone and hydramethylnon . As 
mentioned elsewhere, various phermones can also be utilized 
for particular insect species sought to be attracted, such 
phermones added with the formulations of the present 
invention . 

In the use of the present invention to attract termites, 
suitable bait traps are positioned away from building 
structures or other wooden edifices sought to be protected. 
Depending upon the C0 2 attractant utilized, the devices should 



have an effective life of several weeks, preferably several 
months, and as much as a year or more. 

The attractant compounds and formulations of the present 
invention are generally referred to herein as "attracticides" . 
5 Yet another aspect of the present invention involves the 

manufacture of building materials so as to make such materials 
■ less susceptible to termite damage. For example, conventional 
foam panels used in insulation materials emit carbon dioxide. 
The elimination of carbon dioxide in the manufacture of such 

10 foam materials, by,, for example, use of other non-C0 2 
containing gases, provides a method to produce termite 
resistant building and/or insulation materials. Further 
aspects of the present invention also include methods to seal 
existing structures that are prone to emit C0 2 concentrations 

15 in amounts found attractive" to various boring insects. For 
example, creating substantially air-tight seals around 
conventional C0 2 based foam products is effective in reducing 
the attractant quality of such * materials to boring insects 
such as termites. Other aspects of the present invention 

20 include chemical abatement or reduction of C0 2 emitting 
insulation and building materials to avoid possible 
destruction by boring insects attracted to C0 2 emitting 
substances. C0 2 emitting concentrations should be reduced to 
below the dose found in' soils so as to eliminate any source" of 

25 C0 2 that may attract insects. 

Preferred formulations of the present invention are' in 
pelleted form to aichieve slow release of C0 2 at the above- 
described concentrations. 

The following examples are illustrative only of 

30 particular embodiments of the present invention. 
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Example 1 - (Formulation 1 in Jar Traps at 1 meter) 



Composition of Formulation 1 (Dried Spent Brewer's Grain): 
Spent brewer's grain obtained from a local brewery was spread 
5 out on trays and allowed to air dry overnight. The dried 
spent brewer's grain was then added to soil that contained 20% 
moisture (12 g dried spent brewer's grain, per 100 g moist 
soil) . 

10 Trap Design: Jar traps were constructed from 16 ounce 
polyethylene- jars with plastic screw caps. Each jar was 
drilled with 36 evenly-spaced holes (3 mm diameter) to allow 
volatiles to diffuse out of the trap and to allow termites to 
enter. A cylindrical basket was constructed for each cup trap 

15 from plastic fencing to facilitate removing the trap from the 
soil. Baited traps were prepared by placing 300 g of 
Formulation 1 in a jar trap. Unbaited traps were filled with 
300 g of soil (20% moisture) . A disk of cardboard (8 cm 
diameter) was placed in the top of each trap (baited and 

20 unbaited) , covered with a thin layer of soil, and the lid was 
then screwed onto the trap. 

Field sites: Fence posts infested with termites 

(Reticulitermes tibialis) were used for field trapping 

25 experiments at three different ranches in Colorado (Fort 
Collins, Nunn, and Akron) . Each infested fence post was used 
as a point source for an experiment. Six traps, three baited 
and three unbaited, were placed in the ground evenly around 
the fence post at a distance of 1 meter. The traps were 

30 placed in the ground at a depth of 20 to 25 cm and covered 
completely with soil. Traps were checked weekly for the 
presence of termites. Traps were checked for feeding damage 
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on the cardboard disks. Cardboard disks were taken back to 
the laboratory, where each piece was carefully washed and 
spread out to dry. The amount of cardboard eaten was 
determined by scanning the pieces with a desktop scanner and 
calculating the area by using a computer graphics program 
(Adobe Photoshop) . The experiment was continued for six weeks 
at each locat: on. 

Results : 

1. Traps baited with dried spent brewer's grain (Formulation 
1) were discovered sooner by termites than unbaited traps 
(Graph 1) . 

2. Termites consumed- more cardboard from baited traps than 
from unbaited traps (Graph 2) . 

3. Termites were found more often in the baited traps than 
the unbaited traps (data collected, but not shown here) . 

Conclusion : 

This experiment demonstrated that dried spent brewer' s grain 
mixed with moist soil is effective as a bait for termites. 
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GRAPH 1A 
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Example 2 - (Formulation 2 in Jar Traps at 1 meter) 

Composition of Formulation 2 (Dried Ground Germinated Corn 
Seeds) : Corn seeds were soaked in soapy water overnight, 
5 rinsed well and germinated in a covered plastic tub containing 
moist germination paper. After 3 days of germination, the 
germinating corn was ground to meal using a kitchen food 
processor, then spread out on trays and allowed to air dry 
overnight. Dried, ground, germinated corn seed (12 g per 100 
10 g soil) was added to soil that contained 20% moisture. 

Trap Design: Jar traps were - constructed from 16 ounce 
polyethylene jars with plastic screw caps. Each jar was 
drilled with 36 evenly-spaced holes (3 mm diameter) .to allow 

15 volatiles to diffuse out of the trap .and to allow termites to " 
enter. A cylindrical basket was constructed , for each cup trap 
from plastic fencing to facilitate removing the trap from the 
soil . Baited traps were prepared by placing 300 g of 
Formulation 2 in a jar trap. Unbaited traps were filled with 

20 300 g soil (20% moisture) . A disk of cardboard (8 cm diameter) 
was placed in the top of each trap (baited and unbaited) , 
covered with a thin layer of soil, and the lid was then 
screwed onto the trap. 

25 Field sites: Fence posts infested with termites 

{Reticulitermes tibialis) were used for field trapping 
experiments at -three different ranches in Colorado (Fort 
Collins, Nunn, and Akron) . Each infested fence post was used 
as a point source for an experiment. Six traps, three baited 

30 and three unbaited, were placed in the ground evenly around 
the fence post at a distance of 1 meter. The traps were 
placed in the ground at a depth of 20 to 25 cm and covered 
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completely with soil. Traps were checked weekly for the 
presence of termites. Traps were checked for feeding damage 
on the cardboard disks. Cardboard disks were taken back to the 
laboratory, where each piece was carefully washed and spread 
out to dry. The amount of cardboard eaten was determined by 
scanning the pieces with a desktop scanner and calculating the 
area by using a computer graphics program (Adobe Photoshop) . 
The experiment was continued for six weeks at each location. 

Results : 

1. The discovery time was shorter for the baited traps than 
for the unbaited traps (Graph 2) . 

2. More cardboard was consumed by termites in the baited 
traps for weeks 1 through 5 (Graph 2) . 

3. Termites were found more often in the baited traps than 
the unbaited traps (data collected, but not shown here) . 

Conclusion: 

This experiment demonstrated that- dried ground 
seeds - mixed with moist soil is effective 
termites . 
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Example 3 - (Formulation 3 in Jar Traps at 1 meter) 



Composition of Formulation 3 (Whole Dry Malted Barley) : Whole 
dry malted barley was obtained from a local brewer's store. 
5 The whole dry malted ■ barley was then added to soil that 
contained 20% moisture (12 g whole dry malted barley per 100 
g moist soil) . 

Trap Design: Jar traps were constructed from 16 ounce 
10 polyethylene jars with plastic screw caps. Each jar was 
drilled with 36 evenly-spaced holes (3 mm diameter) to allow 
volatiles to diffuse out of the trap and to allow termites to 
enter. A cylindrical basket was constructed for each cup trap 
from plastic fencing to facilitate removing the trap from the 
15 soil. Baited traps were prepared by placing 300 g of 
Formulation 3 in a jar trap. Unbaited traps were filled with 
300 g of soil (20% moisture) . A disk of cardboard ( 8 cm 
diameter) was placed in the top of each trap (baited and 
unbaited), covered with a thin layer of soil, and the lid was 
20 then screwed onto the trap. 

Field sites: Fence posts infested with termites 

(Reticulitermes tibialis) were used for field trapping 
experiments at three different ranches in Colorado (Fort 

25 Collins, Nunn, and Akron) . Each infested fence post was used 
as a point source for an experiment. Six traps, three baited 
and three unbaited, were placed in the ground evenly around 
the fence post at a distance of 1 meter . The traps were 
placed in the ground at a depth of 20 to 25 cm and covered 

30' completely with soil. Traps were checked weekly for the 
presence of termites. Traps were checked for feeding damage 
on the cardboard disks. Cardboard disks were taken back to 
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the laboratory, where each piece was carefully washed and 
spread out to dry. The amount of cardboard eaten was 
determined by scanning the pieces with a desktop scanner and 
calculating the area by using a computer graphics program 
5 (Adobe Photoshop) . The experiment was continued for six weeks 
at each location. 

Results : 

1. Traps baited with whole malted barley (Formulation 3) were 
10 . not discovered sooner by termites than unbaited traps (Graph 

3, A & B) . Within 3 weeks, 10 baited and 10 unbaited traps had 
been discovered by termites. 

2. Termites did not consume more cardboard from baited traps 
than from unbaited traps (Graph 3, A & B) . 

15 3. Termites were not found more often in the baited traps 
than the unbaited traps (data collected, but not shown here) . 

Conclusion: 

This experiment demonstrated that not all vegetable co- 
20 products are effective as baits for termites. In the specific 
context tested here, whole malted barley did not attract 
termites or enhance feeding. 
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Example 4 - (Formulation 4 in Jar Traps at 1 meter) 



Composition of Formulation 4 (Coated Sucrose Pellets) : 

Sucrose pellets with a light wax coating were obtained from 
5 a local supplier (Sprinkle Decorations, Wilton Enterprises, 
Woodridge, IL) . The sucrose pellets with a light wax 
coating were then added to soil that contained 20% moisture 
(12 g per 100 g moist soil). 

Trap Design: Jar traps were constructed from 16 ounce 
polyethylene ■ jars with plastic screw caps. Each jar was 
drilled with 36 evenly-spaced holes (3 mm diameter) to 
allow volatiles to diffuse out of the trap and to allow 
termites to enter. A cylindrical basket was constructed for 
each cup trap from plastic fencing to facilitate removing 
the trap from the soil. Baited traps were prepared by 
placing 300 g of Formulation 4 in a jar trap. Unbaited 
traps were filled with 300 g of soil (20% moisture) . A disk 
of cardboard (8 cm diameter) was placed in the top of each 
trap (baited and unbaited) , covered with a thin layer of 
soil, and. the lid was then screwed onto the trap. 

Field sites: Fence posts infested with termites 

{Reticulitermes tibialis) were used for field trapping 
25 experiments at three different ranches in Colorado (Fort 
Collins, Nunn, and Akron) . Each infested fence post was 
used as a point ' source for an experiment. Six traps, .three 
baited and three unbaited, were placed in the ground evenly 
around the fence post at a distance of 1 meter. The traps 
30 were placed in the ground at a depth of 20 to 25 cm and 
covered completely with soil. Traps were checked weekly for 
the presence of termites. Traps were checked for feeding 
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damage on the cardboard disks. Cardboard disks were taken 
back to the laboratory, where each piece was carefully 
washed and spread out to dry. The amount of cardboard eaten 
was determined by scanning the pieces with a desktop scanner 
5 and calculating the area by using a computer graphics 
program (Adobe Photoshop) . The experiment was continued for 
six weeks at each location. 

Results : 

1. Traps baited with coated sucrose pellets (Formulation 4) 
were not discovered sooner by termites than unbaited traps 
(Graph 4, A & B) . Within 3 weeks, 10 baited and 10 unbaited 
traps had been discovered by termites. 

2. Termites did not consume more cardboard from baited 
traps than from unbaited traps (Graph 4, A & B). 

3. Termites were not found more often in the baited traps 
than the unbaited traps (data collected, but not shown 
here) . 

2 0 Conclusion : 

This experiment demonstrated that not all carbohydrate 
■sources are effective as baits for termites. In the 
specific context tested here, coated sucrose pellets did not 
attract termites or enhance feeding. 

25 
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Example 5 - (Formulation 1 in Jar Traps at 2 meters) 



Composition of Formulation 1 (Dried Spent Brewer' s Grain) : 

Spent brewer's grain obtained from a local brewery was 
5 spread out on trays and allowed to air dry overnight. The 
dried spent brewer's grain was then added to soil that 
contained 20% moisture (12 g dried spent brewer's grain .per 
100 g moist soil) . 

Trap Design: Jar traps were constructed from. 16 ounce 
polyethylene jars with plastic screw caps. "Each jar was 
drilled with 36 evenly-spaced holes (3 mm diameter) to 
allow volatiles to diffuse out of the trap and to allow 
termites to enter. A cylindrical basket was constructed for 
each cup trap from plastic fencing to facilitate removing 
the trap from the soil. Baited traps were prepared by 
placing 300 g of Formulation 1 in a jar trap. Unbaited 
traps were filled with 300 g of soil (20% moisture) . A. pre- 
weighed square of Ponderosa pine (4 x 4 x 0.5 cm) was soaked 
in water for 15 minutes and was placed in the top of each 
trap (baited and unbaited) , covered with a thin layer of 
soil, and the lid was then screwed onto the trap.- 

Field sites: Fence posts infested with ■ termites 

25 (Reticulitermes tibialis) were used for field trapping 
experiments at three different ranches in Colorado. (Fort 
Collins, Nunn, : and Akron) . Each infested fence post was 
used as a point source for an experiment. Six traps, three 
baited and three unbaited, were placed in the ground evenly 
30 around the fence post at a distance of 2 meters. The traps 
were placed in the ground at a depth of 20 to 25 cm and 
covered completely with soil. Traps were checked weekly for 
the presence of termites. Traps were checked for feeding 

30 
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damage on the wood squares. Wood squares were taken back to 
the laboratory, washed with water, and spread out to dry. 
The dried wood squares were weighed to determine the amount 
that had been eaten. The experiment was continued for six 
5 weeks at each location. 

Results : 

1- Traps baited with - .dried spent brewer's grain 

10 (Formulation 1) were discovered sooner by termites than 
unbaited traps (Graph 5, -A, B & C) . 

2. Termites consumed more wood from baited traps than from 
. unbaited traps (Graph 5, A, B & C) .. 

3 . Termites were found more often in the baited traps than 
15. the unbaited traps (Graph 5/ A, B & C) . 

Conclusion: 

This example demonstrated that dried spent brewer's grain 
20 mixed with moist soil is effective as a bait for termites, 
not only at 1 meter from the infested wood structure as in 
Example 1, but also at 2 meters from the infested wood 
structure. In addition, this example showed that thin 
squares of Ponderosa pine could be used to evaluate feeding, 
25 as an alternative to the cardboard disks used in Example 1. 
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Example 6 - (Formulation 2 in Jar Traps at 2 meter) 

Composition of Formulation 2 (Dried Ground Germinated Corn 
Seeds) : Corn seeds were soaked in soapy water overnight, 
5 rinsed well and germinated in a covered plastic tub 
containing moist germination paper. After 3 days "of 
germination, the germinating corn was ground to meal using a 
kitchen food processor, than spread out . on trays and allowed 
to air dry overnight. Dried, ground, germinated, corn seed 
10 (12 g per 100 g soil) was added to soil that contained 20% 
moisture. 

Trap Design: Jar traps were constructed from 16 ounce 
polyethylene jars with plastic screw caps. Each jar was 
drilled with 36 evenly-spaced holes (3 mm diameter) to 
allow volatiles" to diffuse out of the trap and to allow 
termites to enter. A cylindrical basket was constructed for 
each cup trap from plastic fencing to ' facilitate removing 
the trap from the soil. Baited traps were prepared by 
placing 300 g of Formulation 2 in a jar trap. Unbaited traps 
were filled with 300 g soil (20% moisture) . A pre-weighed 
square of Ponderosa pine (4 x 4 x 0.5 cm) was soaked in 
water for 15 minutes and was placed in the top of each trap 
(baited and unbaited), 'covered with a thin layer of soil, 
and the lid was then screwed onto the trap. 

Field sites: Fence posts infested with termites 

(Reticulitermes tibialis) were used ■ for field trapping 
experiments at three different ranches in Colorado (Fort 
30 Collins, Nunn, and Akron) . Each infested fence post was 
used as a point source for an experiment.- Six traps, three 
baited and three unbaited, were placed in the ground evenly 
around the fence post at a distance of 2 meters. The traps 

33 



20 



were placed in the ground at a depth of 20 to 25 cm and 
covered completely with soil. -Traps were checked weekly for 
the presence of termites . Traps were checked for feeding 
damage on the wood squares. Wood squares were taken back to 
5 the laboratory, washed with water, and spread out to dry. 
The dried wood squares were weighed to determine the amount 
that had been eaten . The experiment was continued for six 
weeks at each location . 

10 Results: 

1. The discovery time was shorter for the baited traps 
than for the unbaited traps (Graph 6) . 

2. More wood was consumed by termites in the unbaited 
traps than from the baited traps for weeks 1 and 2, but more 

15 was consumed from the baited traps in weeks 3 and 4 (Graph 
6) . 

3. Termites were found more often in the baited traps than 
the unbaited traps (Graph 6) . 

20 Conclusion: 

This example demonstrated that dried ground germinated corn 
seeds mixed with moist soil is. effective as a bait for 
termites, not only at 1 meter from the infested wood 
structure as in Example 2, but also at 2 meters from the 
25 infested wood structure. In addition, this ' example showed 
that thin squares of Ponderosa pine could be used to 
evaluate feeding, as an alternative to the cardboard disks 
used in Example 2 . 
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Example 7 - (Formulation 5 in Jar Traps at 2 meters) 



Composition of Formulation 5 (Fizzies Instant Sparkling 
Drink Tablets): Effervescent tablets comprised of 50:50 
5 citric acid: sodium bicarbonate were obtained from a local 
grocery store (Fizzies brand drink tablets, Premiere 
Innovations, Pacific Palisades, CA 90272) . Two tablets (3 g 
each) were added to soil (300 g) that contained 20% 
moisture. 

10 

Trap Design: Jar traps were constructed from ■ 16 ounce 
polyethylene jars with plastic screw caps. Each jar was 
drilled with 36 evenly-spaced holes (3 mm diameter) to 
allow volatiles to diffuse out of the trap and to allow 

15 termites to enter. A cylindrical basket was constructed for 
each cup trap from plastic fencing to facilitate removing 
the - trap from the soil. Baited traps were prepared by 
placing 300 g of Formulation 5 in a jar trap. Control 
traps were filled only with • 300 g soil (20% moisture) . A 

20 square of Ponderosa pine (4 cm by 4 cm by 0.5 cm width) that 
had been pre-weighed was moistened by soaking it in water 
for 15 minutes, then placed in the top of each trap (baited 
and unbaited) just below the surface of the soil. 

25 Field sites: Fence posts infested with termites 

(Reticulitermes tibialis) were used for field trapping 
experiments at three different ranches in Colorado (Fort 
Collins, Nunn, and Akron) . Each infested fence post was 
used as a point source for an experiment. Six traps, three 

30 baited and three unbaited, were placed in the ground evenly 
around the fence post at a distance of 2 meters. The traps 
were placed in the ground at a depth of 20 to 25. cm and 
covered completely with soil. Traps were checked weekly for 
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the presence of termites. Traps were checked for feeding 
damage on the wood squares. Wood squares were taken back to 
the laboratory, washed with water,, and spread out to dry. 
The dried wood squares were weighed to determine the amount 
that had been eaten. The experiment was continued for six 
weeks at each location. 

Results : 

1. The discovery time was shorter for the baited 'traps 
than for the. unbaited traps (Graph 7) . 

2. More wood was consumed by termites in the baited traps 
than from the unbaited traps (Graph 7) . 

3. Termites were found more often in the baited traps than • 
the unbaited traps (Graph 7) . 

Conclusion : 

This example demonstrated that sodium bicarbonate/citric 
acid tablets mixed with moist soil is effective as a bait 
for termites. 
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Example 8 - (C0 2 -generating Formulations tested in 
Laboratory Behavioral Bioassays) 



Bioassay apparatus: The choice-test bioassay apparatus 
5 consisted of two traps, one filled with a C0 2 -generating 
formulation mixed in soil and the other filled with soil 
alone. Traps were constructed from 1 ounce plastic nut cups 
with a 1 mm hole drilled in the top and three pin holes 
drilled at equal intervals around the cup (placed midway 

10 from top to bottom) to allow C0 2 to diffuse out. A 
triangular hole (4 mm high and wide) was cut on the top edge 
of each cup and a similar triangle was cut from the edge of 
the lid. With the lid in place and the holes lined up, a 
small opening was created to allow termites to enter the 

15 apparatus from the bottom. 

The two cups (1 treatment and 1 control) were placed at 
opposite ends of a plastic tub (Rubbermaid, 24 oz., 19 by 
10.5 by 5.5 cm). Termites (15 workers)' were collected from 
one of 20 recently field-collected colonies using a small 

20 paint brush and were placed in a plastic shell vial (4 ml) 
cap. The cap was inverted on a 1 . 5 cm circle of moist 
filter paper in the center of the plastic tub. The tub was 
placed on one shelf of a small wood shelf unit whose base is 
constructed of 10 cm thick foam rubber. After 15 minutes, 

25 the shell vial cap was gently tipped over, releasing the 
termites. A curtain was pulled in front of the shelves to 
provide dim lighting. After 24 hours, the tub was removed, 
each cup was gently disassembled and the termites counted. 
Termites were not reused in subsequent tests. All 12 

30 formulations were tested using Reticulitermes tibialis (20 
replicates) and 4 of the formulations were tested using 
Reticulitermes virginicus (10 replicates) . 
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Preparation of Formulations: A C0 2 -generating formulation 
was added to soil that contained 20%' moisture. The amount of 
each formulation to be mixed with 100 g soil is listed 
below. For each experiment, one cup was filled with 25 g 
5 moist soil (20% water) . The other cup was filled with 
formulation/soil mixture (25 g total) . A circle of 
corrugated cardboard (3 cm diameter) was moistened with 
water, blotted lightly and placed on top of soil. The lid 
was put on and the cups were inverted. 

10 

Analysis of C0 2 : A capillary tube (5.5 cm long, 0 . 5 mm diam) 
was inserted into the hole in the top of the inverted 
plastic cup. C0 2 was measured by taking a sample of the 
atmosphere within the soil using a 10 microliter syringe. 

15 The C0 2 concentration was determined using gas 
chromatography-mass spectrometry with selected ion 
monitoring (GC-MS-SIM) at m/e 44. The cup was used for a 
behavioral bioassay after the C0 2 concentration was 
■determined to be adequate. Some formulations required 24-36 

20 hours to generate enough C0 2 . 

Results : 

Formulation 1: Dried Spent Grain (0.5 g per 25 g soil): 
Significantly more termites were recovered from the treated 
25 cups than the controls for both species of termites (Graph 
8) . The average C0 2 concentration at the start of the 
bioassay was 6.48 mmol per mol (Graph 8) . 

Formulation 2: Dried Ground Germinated Corn Seeds (0.5 g per 
25 g soil) : Significantly more termites were recovered from 
30 the treated cups than the controls for Reticulitermes ■ 
tibialis (Graph 8) . Slightly more termites were recovered 
from the treated cups than the controls in tests with 
Reticulitermes virginicus . - The average C0 2 concentration 



at the start of the bioassay was 5.55 mmol per mol (Graph 
8) . 

Formulation 3: Whole, malted barley (0.5 g per 25 g soil): 
Significantly more termites were recovered from the treated 
cups than the controls for Reticulitermes tibialis (Graph 
8) . Slightly more termites were recovered from the treated 
cups than the controls in tests with Reticulitermes 
virginicus. The average C0 2 concentration at the start of 
the bioassay was 3.7 mmol per mol (Graph 8). 

Formulation 4: Sucrose pellets with a light wax coating (0.5 
g per 25 g soil) : Significantly more termites were 
recovered from the treated cups " than the controls for 
Reticulitermes tibialis (Graph 8) . The average C0 2 

concentration at the start of the bioassay was 5.22 mmol per 
mol (Graph 8) . 

Formulation 5: Effervescent tablets (Fizzles brand drink 
•tablets, 0.25 g per 25 g soil): There was no significant 
difference in the number of termites . recovered from the 
treatment and the control for Reticulitermes tibialis (Graph 
8) . The average C0 2 concentration at the start of the 
bioassay was 38.19 mmol per mol (Graph 8). 

Formulation - 6 : Yeast Granules (made from corn flour, corn- 
syrup, NYPD nutrient broth and baker' s * yeast , 0.5 g granules 
per 25 g soil) : Significantly more termites were recovered 
from the treated cups than the controls for Reticulitermes 
tibialis (Graph 8) . There was no significant difference in 
the number of termites recovered from the treatment and the 
control for Reticulitermes virginicus . The average C0 2 
concentration at the start of the bioassay was 5.60 mmol per 
mol (Graph 8) . 

Formulation 7: Dry Baker's Yeast (0.25 g granules per 25 g 
soil) : Significantly more termites were recovered from the 
treated cups than the controls for Reticulitermes tibialis 



(Graph 8 ) . The average C0 2 concentration at the start of 
the bioassay was 5.93 mmol per mol (Graph 8). 
Formulation 8: Potassium Bicarbonate, Fine Granules (0.25 g 
granules per 25 g soil) : Significantly more termites were 
5 recovered from the treated cups than the controls for 
Reticulitermes tibialis (Graph 8). The average C0 2 

concentration at the start of the bioassay was 16.71 mmol 
per mol (Graph 8) . 

Formulation 9: Clean Cracked Corn (sold as livestock feed) 
10 (0.5 g granules per 25 g soil): Significantly more termites 
were recovered from the treated cups than the controls for 
Reticulitermes tibialis (Graph 8). ■ The average C0 2 
concentration at the start of the bioassay was 4.21 mmol per 
mol (Graph 8) . 

15 Formulation 10: Ground Dry Corn Seed (0.5 g granules per 25 
g soil) : Significantly more termites were recovered from the 
treated cups than the controls for Reticulitermes tibialis . 
The average C0 2 concentration at the start of the bioassay 
was 4.48 mmol per mol (Graph 8). 

20 Formulation 11: Ground Malted Barley (0.5 g granules per 25 
g soil) : There was no significant difference in the number 
of termites recovered from the treatment . and the control for 
Reticulitermes tibialis (Graph 8). The average C0 2 

concentration at the start of the bioassay was 8.31 mmol per 

25 mol (Graph 8) . 

Formulation 12: Baking Powder/Corn Syrup Granules (0..5 g 
granules per 25 g soil) : These granules were made from 
double-acting baking powder and corn syrup . Significantly 
more termites were recovered from the treated cups than the 

30 controls for Reticulitermes tibialis (Graph 8) . The average 
C0 2 concentration at the start of the bioassay was 18.86 
mmol per mol (Graph 8) . 
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Conclusions : 

1. In laboratory behavioral bioassays, Reticulitermes 
tibialis exhibited attraction to formulations 1, 2, 3, 4, 6, 
7, 8, 9, 10 and 12 (Graph 8). In this particular context, 

5 Reticulitermes tibialis were not attracted to formulation 5 
or 11. 

2. In laboratory bioassays, Reticuliteru.es virginicus 
exhibited attraction to formulations 1, and 2 (Graph 8) . In 
this particular context, Reticulitermes virginicus were not 

10 attracted to formulation 3 or 4 . 

3. All the formulations contained elevated C0 2 by comparison 
with controls (Graph 8). 
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Example 9 - (Formulation 1 in Dow Sentricon Bait Stations) 

Composition of Formulation 1: Dried spent brewer's grain 
was obtained from a local brewery, and was spread out and 
5 allowed to air dry overnight. Dried spent grain (12 g per 
100 g soil) was added to soil that contained 20% moisture. 

Trap Design: Dow Sentricon Termite Bait Stations were used 
for field experiments. A perforated plastic sleeve of our 

10 own design was inserted into each Dow Sentricon Termite Bait 
Stations to allow C0 2 generating formulations to be used 'in 
them. The insert consisted of a tube (21 cm long, 3.5 cm 
diameter) constructed of clear acetate film. Holes were' 
punched 3 cm apart in the tube (0.5 cm) to allow C0 2 to 

15 diffuse out and to allow termites to enter the trap. Baited 
traps were prepared by placing a strip of Dow Sentricon wood 
(18 cm by 2.5 cm by 0.5 cm) inside a perforated plastic 
sleeve, then adding 150 g of Formulation 1. This thinner 
strip of Dow wood was necessary in order to allow 

20 Formulation 1 to fill the plastic sleeve properly. The 
filled sleeve was then inserted into a Dow Sentricon Termite 
Bait Station. Control traps contained perforated plastic 
sleeves filled with a strip of Dow Sentricon Wood and 150 g 
soil (20% moisture) . 

25 

Field sites: Fence posts infested- with termites 

{Reticulitermes ' tibialis) were used for field trapping 
experiments at three different ranches in Colorado (Fort 
Collins, Nunn, and Akron). Each infested fence post was 
30 used as a point source for an experiment. Six traps were 
placed in the ground evenly around each infested fence post 
at a distance of 1 meter: 
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1. Two baited traps, containing bait plus soil, with 1 strip 
of Dow wood (18 x 2.5 x 0.5 cm) 

2. Two unbaited traps, containing soil only, with 1 strip of 
Dow wood (18 x 2.5 x 0.5 cm) 

5 3. Two standard Dow Sentricon Stations, with 2 strips of Dow 
wood (18 x 2.5 x 1 cm) 

The traps were placed in the ground so that only the cover 
was exposed. Traps were checked weekly for the presence of 
10 termites by lifting the insert out of the trap . for 
examination. The experiment was continued for 6 weeks. At 
the end of the experiment all wood strips were evaluated for 
feeding damage. 

15 Results : 

1. Termites were present in the baited traps for all 6 weeks 
of the experiment (example 9, page 2) . 

2. Termites were present in the soil-only control traps 
during week 1, 4, and 6 (example 9, page 2) . 

20 3. Termites were not present- in any of the Dow control traps 
during the entire 6 weeks (example 9, page 2) . 
4. Feeding on the wood strips was heavier in the baited 
traps and in the soil-only control traps than in the 
unmodified Dow Sentricon Bait Stations (data collected, but 

25 not shown) . 
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Conclusion: This experiment demonstrated that the modified 
Dow Sentricon Bait Stations containing Formulation 1 (dried 
spent brewer' s grain) were discovered sooner and frequented 
more often by termites than the unmodified Dow Sentricon 
Bait Stations. 
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Example 10 - (Formulation 2 in Dow Sentricon Bait Stations) 

Composition of Formulation 2: Corn seeds were soaked in 
soapy water overnight, rinsed well and germinated in a 
5 covered plastic tub containing moist germination paper. 
After 3 days of germination, the germinating corn was ground 
to meal using a kitchen food processor,, then spread out on 
trays and allowed to air dry overnight. Dried ground 
germinated corn seed (12 g per 100 g soil) was added to soil- 
10 that contained 20% moisture. 

Trap Design: Dow Sentricon Termite Bait Stations were used 
for field experiments. A perforated plastic sleeve of our 
own design was inserted into each Dow Sentricon Termite Bait 

15 Stations to allow C0 2 generating formulations to be used in 
them. The sleeve consisted of a tube (21 cm long, 3.5 cm 
diameter) constructed of clear acetate' film. Holes were 
punched 3 cm apart in the tube (0.5 cm) -to allow C0 2 to 
diffuse out and to allow termites to enter the trap. Baited, 

20 70 traps were prepared by placing a strip of Dow Sentricon 
Wood (18 cm by 2 . 5 cm by 0 . 5 cm) inside a -perforated plastic 
sleeve, then adding 150 g of Formulation 2. This thinner 
strip of Dow Sentricon Wood was necessary in order to allow 
Formulation 2 to fill the plastic sleeve properly. The 

25 filled sleeve was then inserted into a Dow Sentricon Termite 
Bait Station. Control traps contained perforated plastic 
sleeves filled with a strip of Dow Sentricon Wood and 150 g 
soil (20% moisture) . 

30 Field sites: Fence posts infested with termites 

{Reticulitermes tibialis) were used for field trapping 

experiments at three different ranches in Colorado " (Fort 

Collins, Nunn, and Akron) - Each infested fence post was 
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used as a point source for an experiment. Six traps were 
placed in the ground evenly around each infested fence post 
at a distance of 1 meter: 

5 1. Two baited traps, containing bait plus soil, with 1 strip 
of Dow wood (18 x 2.5 x 0.5 cm) 

2. Two unbaited traps, containing soil only, with 1 strip of 
Dow wood (18 x 2.5 x 0.5 cm) 

3. Two standard Dow Sentricon Stations, with 2 strips of Dow 
10 wood (18 x 2.5 x 1 cm) 

The traps were placed in the ground so that only the cover 
was exposed. Traps were checked weekly for the presence of 
termites and for feeding damage by lifting the insert out of 
15 the trap for examination. The experiment was continued for 
6 weeks. 

Results : 

1. Termites were present in the baited traps for weeks 1 and 
20 2 of the experiment (Graph 10) . 

2. Termites were present in the soil-only control traps 
during week 3 (Graph 10) . . 

3. Termites were present in the Dow control traps during 
weeks 2 and 5 (Graph 10) . 

25 

Conclusion : 

This experiment .demonstrated that the modified Dow Sentricon 
Bait Stations containing Formulation 2 (dried ground 
germinated corn seed) did not attract more termites than the 
30 unmodified Dow Sentricon Bait Stations, implying that the 
trap design used in Example 2 may be necessary in order for 
Formulation 2 to increase attraction of termites. 
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Example 11 - (Formulation 4 in Dow Sentricon Bait Stations) 

Composition of Formulation 4: Sucrose pellets with a light 
wax coating were obtained from a local supplier (Sprinkle 
5 Decorations, Wilton Enterprises, Woodridge, IL) . The 
sucrose pellets with a light wax coating were then added to 
soil that contained 20% moisture (12 g per 100 g moist 
soil) . 

10 Trap Design: Dow Sentricon Termite Bait Stations were used 
for field experiments. A perforated plastic sleeve of our 
own design was inserted into each Dow Sentricon Termite Bait 
Stations to allow C0 2 generating formulations to be used in 
them. The sleeve consisted of a tube (21 cm long, 3.5 cm 

15 diameter) constructed of clear acetate film. Holes were 
punched 3 cm apart in the tube (0.5 cm) to allow C0 2 to 
diffuse out and to allow termites to enter the trap. Baited 
traps were prepared by placing a strip of Dow Sentricon Wood 
(18 cm by 2.5 cm by 0.5 cm) inside a perforated plastic 

20 sleeve,- then adding 150 g of Formulation 4. This thinner 
strip of Dow Sentricon Wood was necessary in order to allow 
Formulation 4 to fill the plastic sleeve properly. The 
filled sleeve was then inserted into a Dow Sentricon Termite 
Bait Station . Control traps contained perforated plastic 

25 sleeves filled with a strip of Dow Sentricon Wood and 150 g 
soil (20% moisture) . 

Field sites: Fence posts infested with termites 

(Reticuli termes tibialis) were used for field trapping 
30 experiments at two ranches in Colorado (Fort Collins and 
Nunn) . Each infested fence post was used as a point source 
for an experiment . Six traps were placed in the ground 
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evenly around each infested fence post at a distance of 1 
meter : 

1. Two baited traps, containing bait plus soil, with 1 strip 
5 of Dow wood (18 x 2.5 x 0.5 cm) 

2. Two unbaited traps, containing soil only, with 1 strip of 
Dow wood (18 x 2.5 x 0.5 cm) 

3. Two standard Dow Sentricon Stations, with 2 strips of Dow 
wood (18 x 2.5 x 1 cm) 

10 

The traps were placed in the ground so that only the cover 
was exposed. Traps were checked weekly for the presence of 
termites and for feeding damage by lifting the insert out of 
the trap for examination. The experiment was continued for 
15 6 weeks . 

Results : 

1. Termites were present in the baited traps for weeks 1 
through 4 of the experiment (Graph 11) . 
20 2. Termites were present in the soil-only control' traps 
during all 6 weeks of the experiment (Graph 11) . 
3. Termites were present, in the Dow control traps during 
weeks 1 and 2 (Graph 11) . 

2 5 Conclusion: 

Traps containing Formulation 4 were initially more 
attractive than the soil -only control traps or the Dow 
control traps. . However, soil-only control traps were the 
most attractive traps for the last weeks of the experiment. 

30 
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Example 12 - (C0 2 -Dose Response in Behavioral Bioassays) 



Behavioral bioassay apparatus: The choice-test bioassay 
apparatus was constructed from a glass T-tube (5 mm inside 
diameter, 5 mm stem, with each branch 4.5 cm long). Each 
branch of the 1 T' was bent downward (2.5 • cm from the 
junction of the "I") at a 45° angle to form a pitfall trap. 
A 5 mm NMR cap (cat. no. 100-0050/ Drummond Scientific, 
Broomall, PA) with a 1 mm pinhole in it was firmly pushed 
over the end of each bent branch. A 25 cm length of Teflon 
tubing (0.8 mm inside diameter) was inserted 3 mm into the 
hole in each NMR cap and the other end of the tubing was 
connected to a 35 ml polyethylene syringe (cat. no. 106- 
0490, Sherwood Medical, St. Louis, MO). The ' two 3 5 -ml 
syringes were connected to a syringe pump which was adjusted 
to provide an airflow of 1 ml per min into each choice arm 
of the bioassay apparatus. 

Mixtures of C0 2 and ambient air were tested to determine the 
20 termite response to a range of C0 2 concentrations. A 35 -ml 
syringe was rinsed with distilled water and partially filled 
(5 ml) with ambient air. Different amounts of 100% C0 2 were 
obtained with a smaller glass syringe from a tank and 
injected into the 3 5 -ml syringe. Ambient air was then drawn 
25. into the 3 5 -ml syringe to fill it and mix the gases by 
turbulence as the syringe was loaded. A 2nd 3 5 -ml 
polyethylene syringe was filled with ambient air for a 
control. Measurements with GC-MS-SIM confirmed that the C0 2 
concentrations reached equilibrium after 15 min. The C0 2 
30 concentration of the syringes was determined by using GC-MS- 
SIM analysis (see below) before each bioassay. Bioassays 
were conducted with both Reticulitermes tibialis and 
Reticulitermes flavipes for 1, 2, 5, 10, 20, 50 and 500 mmol 



10 
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per mol concentrations of C0 2 and with Reticulitermes 
virginicus for 5, 10, 20, and 50 mmol per mol. 

Procedure: For bioassays, termite workers were collected 
from plastic tubs by using a camel's hair brush and were 
placed into a holding container constructed from a 3 cm 
length of Teflon tubing (8 mm inside diameter) . The 
container was plugged at one end with a NMR cap with two 
holes (1 mm) drilled in the bottom. A second NMR cap with a 
4 mm hole was inserted backwards into the other end of the 
Teflon tube. The end of the NMR cap cap was sealed with a 
small square of cellophane held in place with a plastic tube 
(a piece of plastic soda straw) that fit snugly over the 
open end. Termites (5 workers) were placed in the container 
and the top was sealed. The container was placed 
horizontally and left undisturbed for 20 min. The T-tube 
apparatus was assembled and clamped horizontally on top of a 
block of foam rubber (12 by 12 cm) with a wire bent into a 
U-shape. The syringe pump was turned on, and after 3 min of 
pumping, the cellophane seal was removed from the holding 
container and the entrance to the holding container was 
gently connected to the central arm of the T-tube, allowing 
termites to crawl out and enter the apparatus. Bioassays 
were conducted for 15 min, ' after which the number of 
termites in each pitfall was recorded. 

C0 2 measurements: Gas chromatography-mass spectrometry in 
selected ion monitoring mode (GC-MS-SIM) at m/e 44 was used 
to determine C0 2 concentrations. A Hewlett-Packard Series 
II 5890 gas chromatograph interfaced with a Hewlett-Packard 
5971 mass selective detector was used with a methyl silicone 
capillary column (30 m x 0 . 32 mm inside diameter, RSL-150, 
Alltech, Deerfield, IL) . A 10-mmmol/mol mixture of C0 2 (a 
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300-ml glass bottle into which 3 ml of C0 2 was injected) was 
used as a standard to calculate the C0 2 concentrations of 
the unknown samples. 

Results : 

1. Reticulitermes tibialis was attracted to 2, 5, and 10 
mmol per mol C0 2 .). R. tibialis demonstrated the best 
attraction to 5 mmol per mol C0 2 (example 12, page 3) . 

2. Reticulitermes flavipes was attracted to 5, 10 and 20 
mmol per mol C0 2 . R. flavipes was most attracted to 10 mmol 
per mol (example 12, page 3) . 

3. Reticulitermes virginicus was attracted to 5, 10, 20 and 
50 mmol per mol C0 2 . R. virginicus demonstrated best 
attraction to 5 mmol per mol C0 2 (example 12, page. 4) . 

Conclusions : 

These laboratory bioassays demonstrated for the first time 
that termites are attracted to carbon dioxide. We have 
confirmed this attraction for 3 termite species, including 
R . tibialis , R. flavipes and JR. virginicus . 
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Example 13 - (Charred Wood in Dow Sentricon Bait Stations in 

Field Tests) 

Treated (Charred) Wood: 

5 The wood strips (18 x 2.5 x 1 cm) were removed from new Dow 
Sentricon Bait Stations, and the surfaces were charred using 
a laboratory torch (propane and oxygen) with a three inch 
outer flame cone and one inch inner flame cone. The strips 
of wood were held in the flame and removed just prior to the 
10 point of ignition. All surfaces of the Dow Sentricon Wood 
strips were charred except for the top 3 cm of the wood 
strips. Prior to placing the strips in traps in the field, 
the strips were moistened by soaking in water for several 
minutes. 

15 

Trap design: We tested the attraction of termites to charred 
wood in field experiments during the summer of 1998. 
Standard Dow Sentricon Termite Bait Stations were used for 
field experiments . 

20 

Field sites: Fence posts infested with termites 

(Reticulitermes tibialis) were used for field trapping 
experiments at two ranches in Colorado (Fort Collins and 
Akron) . Each infested fence post was used as a point source 

25 for an experiment. Six traps were placed in the soil evenly 
around a wood structure at a distance of 1 meter. For each 
experiment three of the traps contained 2 charred wood 
strips and three of the traps (controls ) contained 2 
uncharred wood strips. Traps were checked weekly for the 

30 presence of termites and feeding damage on the wood, for a 
period of 7 weeks . 
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Results : 

1. Termites were present in baited traps for weeks 3 through 
7 of the experiment. 

2. No termites were found in any of the Dow control traps 
during the entire experiment. 

3. Considerable termite feeding was observed on the charred 
Dow Sentricon Wood strips. The feeding damage was 
restricted to the charred portions of the strips, and did 
not occur on the uncharred region at the tops of the strips 
(data collected, but not shown) . 

Conclusion : 

This experiment demonstrates that charred Dow Sentricon Wood 
is more attractive to termites than the standard uncharred 
Dow Sentricon Wood, and that the charred wood acts as a 
feeding stimulant to termites. 
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Example 14 - (Charred Wood in Laboratory Soil Tub Bioassays) 
Treated ( Charred) Wood : 

A strip of Dow Wood (18 x 2.5 x 1 cm) was removed from a new 
5 Dow Sentricon Bait Station and cut into two pieces (9 x 2.5 
x 1 cm) . The surfaces of one piece were charred using a 
laboratory torch (propane and oxygen) with a three inch 
outer flame cone and one inch inner flame cone. The strip 
of wood was held in the flame and removed just prior to the 

10 point of ignition. All surfaces of the charred Dow 
Sentricon Wood strip were charred except for the top 1 cm of 
the wood strips. . Prior to placing the strips in the 
bioassay device, the strips were moistened in separate water 
baths for several minutes. Charred and uncharred pieces of 

15 Ponderosa pine (2 x 4 x 7.5 cm) were tested in the same way. 

Side-by-Side Choice Test Bioassay 

A plastic tub (15 x 10 x 30 cm) long was filled with 6 lbs. 

20 of soil (20% moisture by weight) . This amount of soil 
allowed for a level of soil 2.5 cm from the top of the tub. 
Two pieces of wood, one charred and one uncharred, were 
placed at one end of the tub, 5 cm from the end of the tub 
and 3 cm apart. The wood pieces were set upright and 

25 inserted into the soil nearly touching the bottom of the 
tub, resulting in a thin layer of soil between each piece of 
wood and the bottom of the tub, and with the upper 4 cm of 
each wood piece extending above the surface of the soil. 
One hundred termites were held in a petri dish for one hour 

30 in the closed assay apparatus in order to become acclimated 
to their new environment. The lid was removed after one 
hour and the termites were released into the soil at the end 
of the tub opposite the wood bait. The lid was replaced on 
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the tub, and the tub was placed in a dimly lighted area of 
the lab for one week. After one week the tub was inspected 
for termite activity near each piece of wood. After two 
weeks the tub was taken apart and the wood was cleaned and 
5 inspected for feeding damage. 

Results : 

1. For the Dow wood, termites were observed feeding on the 
charred Dow Wood, and were not observed feeding on the 

10 uncharred Dow Wood. 

2 . Examination of the charred and uncharred Dow Wood at the 
end of the experiment indicated that most of the feeding had 
occurred on the charred Dow Wood (Graph 14) . 

3. Insects that had fed on the charred Dow Wood had black 
15 material inside the hindgut clearly visible through 'the 

abdomen, confirming that they fed on the burnt wood. 

4. For the Ponderosa pine, termites were never observed 
feeding on the charred Ponderosa pine, and fed only on the 
uncharred Ponderosa pine. 

20 5. Examination of the charred and uncharred Ponderosa pine 
at the end of the experiment indicated that all of the 
feeding had occurred on the uncharred Ponderosa pine (Graph 
14) . 

2 5 Conclusion : 

This experiment demonstrates that charred Dow Sentricon Wood 
is more attractive to termites than the standard uncharred 
Dow Sentricon Wood, and that the charred wood acts as a 
feeding stimulant to termites. Charred Ponderosa pine is 
30 apparently repellent to termites, and does not elicit 
feeding by the termites. 
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Example 15 - (Wood Impregnated with Spent Grain Extract in 

Lab Bioassays) 

Wood Impregnated with Aqueous Extract of Formulation 1 : 

5 A plastic bowl with a snap-fit lid (Rubbermaid, 6 cup size) 

was filled with 24 ounces of water and 24 ounces of 

Formulation 1 (dried spent brewer's grain). This was mixed 

well and several pieces, of Dow Wood (9 x 2.5 x 1 cm) were 

added to the bowl. The bowl was covered with the snap-fit 

10 lid and heated in a microwave oven for 2 minutes, which 

brought the liquid to a boil. The bowl was removed from the 

microwave oven, the contents of the bowl were stirred, the 

snap-fit lid .was replaced on the bowl (with 4 small pin 

holes in lid for breathing), and the covered bowl was 

I* 

15 allowed to stand for 3 days. After 3 days, the pieces of 
wood were removed, rinsed sparingly with water to remove 
physical debris, and placed on paper towels to dry for 2 
days. The extract-impregnated pieces of wood were moistened 
before placement in the bioassay. 

20 

End-to-End Choice Test Bioassay 

A rectangular plastic tub (15 x 10 x 30 cm) was evenly 
partitioned into three separate sections, with two 
partitions made from the cut ends of another tub hot melt 

25 glued into the main tub. The partitions were drilled with 
fourteen 1/8 inch holes such that the holes were all below 
the soil surface and evenly arranged top-to-bottom and side- 
to-side. The tub was filled with 6 lbs. of soil (20% 
moisture by weight), evenly in the three sections. This 

30 amount of soil allowed for a level of soil 2.5 cm from the 
top of the tub. Two pieces of wood, one treated and one 
untreated, were placed at opposite ends of the tub, 0.5 cm 
from the end of the tub and 10 cm from the partition. The 
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treated and untreated wood pieces were set upright, one at 
each end of the tub, and inserted into the soil nearly 
touching the .bottom of the tub, resulting in a thin layer of 
soil between each piece of wood and the bottom of the tub, 
and with the upper 4 cm of each wood piece extending above 
the surface of the soil. One hundred termites were held in 
a petri dish for one hour in the closed assay apparatus in 
order to become acclimated to their new environment. The 
lid was removed after one hour and the termites were 
released into the soil at the center of the tub. The lid 
was replaced on the tub, and the tub was placed in a dimly 
lighted area of the lab for one week. After one week the 
tub was inspected for termite activity near each piece of 
wood. After two weeks the tub was taken apart and the wood 
was cleaned and inspected for feeding damage. 

Results : 

1-. Termites . were concentrated near the Dow wood impregnated 
with Formulation 1 (dried spent brewer's grain), and were 
not observed near the Dow wood piece that was untreated 
(Graph 15) . 

2. Extensive feeding damage by termites was observed on the 
Dow wood impregnated with Formulation 1 (dried spent 
brewer's grain), but no feeding damage was observed on the 
Dow wood piece that was untreated (Graph 15) . 
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Example No. 16 

We showed in a laboratory behavioral bioassay that the 
termite Reticuli termes tibialis is attracted to C0 2 , in 
which we used a test concentration of 5 mmol/mol, or 0.5% 
5 C0 2 in air. Our behavioral bioassay design involved a glass 
T-tube (5 mmID) , modified with a laboratory torch so that 
the ends of the two choice arms projected down at 45 degrees 
angles from horizontal, to provide pitfalls after the 
termites made a choice. A syringe pump was used with two 35 

10 ml polyethylene syringes, one filled with ambient air and 
the other filled with 5 mmol/mol C0 2 in air. Teflon tubing 
conveyed the odors to the two arms of the T-tube, at 1.0 
ml/min into each arm. We used a bubble meter to verify that 
the' outflow from the center arm was 2.0o ml/min, to assure 

15 that there were no leaks. We allowed the' syringe pump to 
run for 3 min iinmediately before the bioassay began, ■ to 
allow the flow rates and gas concentrations inside the, T- 
tube to come to equilibrium. The body of the T-tube was 
mounted horizontally on a foam rubber block. A group of 5 

20 termites was placed inside a small Teflon holding tube - for 
15 min. To allow them to acclimate to the bioassay 
environment (NMR caps with small holes in them to allow gas 
flow were used to plug the ends of the holding tube) . The 
acclimation period and the bioassay itself were done under 

25 reduced lighting. After the 15 min acclimation period, an 
NMR cap was removed from one end of the holding tube, and 
the tube was connected to the center arm of the T-tube. 
Typical responses of the termites in the T-tube were 
consistent with our conclusion that the term "attraction is 

30 the correct interpretation of their behavior. When a 
termite cam to the choice point, it moved its antennae to 
one side and then the other, finally making a choice toward 
the C0 2 side. The side on which C0 2 was presented is 



69 



randomized form replication to replication, to control for 
possible side-to-side bias in the bioassay. After making a 
choice, the termite moved along the arm about 2 cm to here 
the dropped off at 45 degrees, and slid down the chute into 
5 the pitfall. The number of termites that was attracted to 
the C0 2 side of the bioassay was significantly greater than 
the number that moved to the control side. 

This experiment shows that C0 2 is useful in guiding 
termites to possible food sources. Second, the C0 2 
10 concentration inside termite colonies is higher than that of 
ambient air, and termites use C0 2 as a guide in finding 
their way back to their colony. ' 



15 
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EXAMPLE 17 

A behavioral bioassay was used to demonstrate that 
termites are attracted to C0 2 . When given a choice between 
a 5 mmol/mol concentration of C0 2 and a control containing 
5 ambient air (with a C0 2 concentration of 1 mmol/mol), the 
termites chose the 5 mmol/mol C0 2 side significantly more 
often. The bioassay apparatus was constructed from a 
horizontal glass T-tube with the ends of the choice arms 
bent downward at 4 5 to provide pitfalls. A syringe pump was 
10 used to provide slow, consistent delivery of candidate 
compounds to the two sides of the choice-test. 

Materials and Methods 

15 Insects. Termites were obtained from colonies of 

Reticulitermes tibialis maintained at Colorado State 
University. Colonies were originally obtained in the summer 
of 1997 from 9 sites in Larimer County, Colorado. 

20 Termite ' collections : Termites were collected at three 

different sites in Larimer County: Big Hill Overlook, Lone 
Pine Wildlife refuge, and Poudre Canyon in the early part of 
June 1997. The termites were captured in one of two ways. 
Big Hill termites were captured using traps consisting of a 

25 square wood frame (6x6 f ) made of 1x1 untreated wood. In the 
center of the frame was a piece of doubly corrugated wood 
cut to fit the frame. The cardboard was held in by a wire- 
mesh with 1/4 inch holes. The traps were left for two 
weeks, in a spot where termites were seen. The termites 

30 were then removed from the traps and placed in petri dishes 
(see below) . The second method (Lone Pine, and Poudre 
Canyon) was to look under logs and rocks. If a colony was 
located the individuals were collected using and aspirator 
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and then transferred to a petri dish to be transported back 
to the lab. 

Rearing: The termites were reared in petri dishes using 
5 moist paper towels and moist cardboard to provide cover and 
food. The termites were used in the bioassay usually within 
a week after collection but no less then 24 hours. 

Bioassay Apparatus. The choice-test bioassay apparatus was 
10 constructed from a glass T-tube (5 mm inside diameter, 5 mm 
stem, with each branch 4.5 cm long). Each branch of the *T' 
was bent downward (2 cm from junction of the T) at .a 45 
degree angle to form a 2.5 cm pitfall trap. A 5 mm NMR cap 
(cat. no. 100-0050, Drummond Scientific, Broomall, PA) 
15 with a 1 mm pinhole in it was firmly pushed over the end of 
each bent branch. A 25 cm length of Teflon tubing (0.8 mm 
ID) was inserted (3 mm) into the pinhole of each NMR cap and 
the other end of the tubing was connected to a 35 ml 
polyethylene syringe (cat no. 106-0490, Sherwood Medical, 
20 St. Louis, MO). The two 3 5 -ml polyethylene syringes used 
for each bioassay were connected to a syringe pump (Sage 
Model 355, Fisher Scientific, Pittsburgh, PA) which was 
adjusted to provide an airflow of 1.0 ml/min into each 
choice arm of the bioassay apparatus. 

25 

Bioassay Procedure. For bioassays, termite workers were 
collected using .a camel-hair brush from a petri dish 
containing moist paper towels and cardboard, and were placed 
in a holding container constructed from a 3 cm length of 
30 Teflon tubing (8 mm ID) . The container was plugged at one 
end with a NMR cap with two holes (1 mm) drilled in the 
bottom. "A second NMR cap with a 4 mm hole drilled through 
it was inserted backwards into the other end of the Teflon 
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tube. The NMR cap was then sealed with a small square of 
cellophane held in place with a plastic tube (a piece of 
plastic soda straw) that fit snugly over the open end. 
Termites (5 workers) were placed in the container and the 
5 top was sealed. The container was placed on its side 

(horizontal) and left undisturbed for 30 minutes. The T- 
tube apparatus was assembled and clamped horizontally on top 
of a block of foam rubber (12 cm x 12 cm) with a wire bent 
into aU-shape. The syringe pump was set to provide a flow 

10 of 1.0 mvmin from each syringe, and each syringe was 

connected with Teflon tubing to one choice arm of the T- 
tube. A flow meter was used to verify that the flow exiting 
the central arm of the T-tube was 2.0 ml/min, confirming the 
flow of volatiles through the apparatus, and verifying that 

15 there were no leaks in the connections. If the flow was 
inadequate, all connections were inspected and/or secured, 
and the flow was rechecked. After 3 minutes of pumping, the 
cellophane and plastic tube blocking the top of the holding 
container were removed and the entrance of the holding 

20 container was gently connected to the central arm of the T- 
tube, allowing larvae to crawl out and enter the apparatus. 
Bioassays were conducted for 15 minutes, after which the 
number of termites in each pitfall were recorded. Termites 
were not reused in subsequent tests. Prior to each test, 

25 the glass T— tube and all Teflon pieces was washed with soap 
and water, rinsed with water and heated at 80 degrees C in 
an oven for 30 min. 

GC-MS Analysis Of C0 2 . Mass spectrometry was used to 
30 determine C0 2 concentrations. A Hewlett-Packard Series II 
5890 gas chromatograph interfaced with a Hewlett-Packard 
5971 mass selective detector was operated in selected ion 
monitoring mode (SIM) for m/e 44 with a methyl silicone 
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capillary column (30 m x 0.32 mm ID, RSL-150, Alltech, 
Inc.)- A 10 mmol/mol mixture of C0 2 (a 300 ml glass bottle 
into which 3 ml of C0 2 were injected) was used as a standard 
to calculate the C0 2 concentrations of the unknown samples. 

5 

C0 2 Bioassay. A 5 mmol/mol concentration of C0 2 was used to 
test termite attraction. A 35 ml polyethylene syringe was 
rinsed with distilled water to moisten the inside of the 
syringe, and partially filled (approximately 5 ml) with 

10 ambient air. C0 2 (100 microliters) was obtained with a 

glass syringe from a tank containing pure (1 00%) C0 2 and 
injected into the 35 ml polyethylene syringe. Ambient air 
was then drawn into the syringe to fill it to a total volume 
of 35 ml, mixing the air and C0 2 thoroughly by turbulence. 

15 The gas mixture in the syringe was allowed to equilibrate 
for 15 minutes, and GC-MS-SIM was used to verify the C0 2 
concentration prior to each bioassay. A second 35 ml 
polyethylene syringe was filled with ambient air for a 
control, and the C0 2 concentration was measured using GC-MS- 

20 SIM. 

Statistical Analysis. Analysis of variance was conducted 
with Minitab ( Addison-Wesley Publishing Co. Inc., Reading, 
MA). Fisher's LSD test was used for all a posteriori 
25 comparisons, withP=0.05. 

Results 

C02 Bioassay. Significantly more termites (p<0.05) were 
30 attracted to the side containing 5 mmol/mol C0 2 than to the 
control side. 
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Discussion 

We propose for the first time a specific behavioral role of 
C0 2 with regard to termites. Using a new behavioral 
bioassay, we have demonstrated that termites are attracted 
5 to low levels of C0 2 . The workers exhibited a positive 
chemotactic response to C0 2 in the bioassay similar to that 
demonstrated by other soil-dwelling organisms. 

Example 18 

10 A behavioral bioassay was developed to test responses 

of newly hatched (neonate) larvae of western corn root worm 
Diabrotica virgifera virgifera LeConte to volatile compounds 
from corn plants, a major host for' this insect. A glass Y- 
tube filled with glass beads was used to allow choice tests 

15 in a vertical direction and to reproduce the thigmotactic 
cues available to larvae in their natural soil environment. 
A syringe pump was "used to provide slow, consistent delivery 
of candidate compounds to the 2 sides of the apparatus. 
Significantly more larvae were attracted to ■ the side 

20 containing a germinating corn seed than to the side 
containing ambient air. In addition, significantly more 
larvae were attracted to the side containing cut corn roots 
than to the side containing an ambient air control. Carbon 
dioxide (C0 2 ) from corn roots previously has been implicated 

25 as an attractant for the larvae, and dose--response curves 
for larval attraction to C0 2 were obtained using different 
sources (different dilutions of carbonated water, the 
headspace over a carbonated water dilution, and different 
concentrations of C0 2 in air) . The C0 2 concentrations for 

30 all sources were measured by mass spectrometry with selected 
ion monitoring at m/e 44. Neonate larvae were significantly 
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attracted to concentrations of C0 2 as low as 1.125 ± 0.04 
mmol/mol (concentration of C0 2 in ambient air on the control 
side was 0.99 ± 0.02 mmol/mol). Larvae were optimally 
attracted to 2.51--4.20 mmol/mol C0 2 , but they were 
5 attracted to concentrations as high as 100 mmol/mol. Larvae 
were not attracted to 300 or 900 mmol/mol C0 2 , and they 
exhibited toxic symptoms at these high concentrations. The 
concentration of C0 2 in soil near growing corn roots was 
4.36 ± 0.31 mmol/mol, which was consistent with the 

10 behavioral optimum for the larvae. The concentration of C0 2 
in soil that contained no corn was 1.38 ± 0.03 mmol/mol and 
the concentration in ambient air was 0.94 ± 0.01 mmol/mol. 

Western Corn Root Worm, Diabrotica virgifera virgifera 
LeConte, is a major pest of corn, Zea mays L., in the United 

15 States (Krysan and Miller 1986) . The larvae can survive 
only on corn and a few other species of Poaceae (Branson and 
Ortman 1967, 1970), and they have been reported to move as 
far as 1 m through the soil to find roots of a suitable host 
(Short and Luedtke 1970) . Overwintering eggs hatch in the 

20 spring, and larvae must crawl through the soil to locate the 
roots on which they feed. One of the most important cues 
used by these larvae to locate corn roots is carbon dioxide 
(C0 2 ) , which is given off by corn roots in the soil (Harris 
and Van Bavel 1957, Massimino et al. 1980, Desjardins 1985, 

25 Labouriau and 'Jose 1987). Strnad et al. (1986) first 
reported that western corn root worm larvae are highly 
attracted to C0 2 , and subsequent investigators have 
confirmed this attraction (Hibbard and Bjostad 1988, 
MacDonald and Ellis 1990, Strnad and Dunn 1990, Jewett and 

30 Bjostad 1996) . In laboratory bioassays, Hibbard and Bjostad 
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(1988) showed that a cryogenic collection of volatile 
compounds from germinating corn seeds was attractive to 2nd 
instars of western corn root worm, and that C0 2 was present 
in the cryogenic collections. Jewett and Bjostad (1996) 
5 showed that dichloromethane is attractive to Diabrotica 
larvae, apparently because the structure of dichloromethane 
mimics C0 2 in its interaction with larval chemoreceptors . 

Carbon dioxide alone is attractive to a number of soil 
invertebrates, including insect larvae (Klingler 1957, 1958, 
10 1959, 1961, 1965, 1966; Paim and Beckel 1963b; Stadler 1971, 
1972; Meeking et al. 1974; Doane et al. 1975; Jones and 
Coaker 1977, 1979), insect adults. (Paim and Beckel 1963a, 
■b), mites (Moursi 1962, 1970), chilopods (Moursi 1970), 
nematodes (Johnson and Viglierchio 1961; Klingler 1961, 
15 1963, 1965; Gaugler et al. 1980; Prot 1980; Dusenbery 1987; 
Pline and Dusenbery 1987; Robinson 1995), and bacteria 
(Scher et al. 1985) . 

The minimum concentration of C0 2 required for attraction of 
western corn root worm larvae and the concentration for 

20 optimal attraction have not previously been determined. The 
objectives of the current study were to determine threshold 
concentrations of C0 2 for attraction of western corn root 
worm larvae and to determine the range of concentrations 
attractive to the larvae. If western corn root worm larvae 

25 are given a choice between a high and a low concentration of 
C0 2 , the difference in concentration required to elicit a 
significant difference in attraction would be expected to 
increase as both concentrations are increased, and we tested 
this hypothesis, as well. 
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In strong contrast to previous reports from our 
laboratory, we have recently concluded that C0 2 is the only 
volatile compound that attracts western corn root worm 
larvae to corn roots (E.J.B., unpublished data), and that 
5 other volatile compounds from corn roots play no role in 
attraction. Previously in our laboratory, a blend of 6- 
methoxy-2-benzoxazolinone and stearic, oleic, and linoleic 
acids was reported to enhance the attractiveness of C0 2 to 
2nd instars (Hibbard and Bjostad 1988, 1989, .1990; Bjostad 

10 and Hibbard 1992; Hibbard et al. 1994), but these compounds 
had little or no effect in field tests (Hibbard et al. 
1995). We now believe that the apparent enhancement of 
larval attraction to C0 2 by a blend of 6-methoxy-2- 
benzoxazolinone and 3 fatty acids that we previously 

15 reported was caused by a series of experimental artifacts. 
Our new results indicate that it may be possible to use 
chemical or microbial sources of C0 2 in soil agroecosystems 
to interfere with orientation of western corn root worm 
larvae to corn roots, as a new tool in pest management 

20 (E.J.B., unpublished data). 

Materials and Methods 

Insects. Western corn root worms have been reared in our 
25 laboratory sinbe 1986 (nondiapausing strain, originally 
obtained from J. Jackson, USDA — ARS, Brookings, SD) . The 
insects were reared on corn plants grown in soil in an 
incubator by using methods described by Jackson (1985) and 
modified by Hibbard and Bjostad (1988). 
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Corn. Untreated, dried corn seeds {Zea mays L., cv 3055 
provided courtesy of Gary D. Lawrance, Pioneer Hi-Bred 
International, Inc., Johnston, IA) were washed with liquid 
soap, soaked for 24 h in soapy water (1 drop of Ivory 
5 dishwashing liquid, Procter & Gamble, Cincinnati, OH, per 
liter of water), and rinsed thoroughly with water. For use 
in bioassays, the washed seeds were germinated 3 d on 
germination paper (Steel Blue, Anchor Paper, St. Paul, MN) 
in a closed polyethylene tub (30 by 15 cm) . The plants 
10 typically reached a shoot length of 1 cm and a root length 
of 6 cm. 

Bioassay Apparatus. The choice-test bioassay apparatus 
(Graph 18-1-A) was constructed from a glass Y-tube filled 
with glass beads to simulate the thigmotactic cues of the 

15 soil environment that are ordinarily encountered by western 
corn root worm larvae. The glass Y-tube was fabricated by a 
local glassblower (9.5 mm inside diameter, 60° angles, with 
each branch 3 cm long) , and clamped to a ring stand with 2 
branches of the "Y" facing down. A glass connection tube (4 

20 cm long, 0.5 cm diameter) with a piece of vinyl screen (2.5- 
mm mesh) held over 1 end by a 0.5-cm section of Teflon 
tubing (6 mm inside diameter) was inserted snugly into the 
end of each of the arms of the Y-tube to support the glass 
beads. Glass beads (3 mm, cat. no. 11-312A, Fisher 

25 Scientific, Pittsburgh, PA) were poured into the top of the 
Y-tube, filling the entire apparatus to within 0.5 cm of the 
top (250 beads). A 5-mm NMR tube cap (cat. no. 100-0050, 
Drummond Scientific, Broomall, PA) was fitted into the other 
end of each glass connection tube, with a hole to allow snug 

30 insertion of a 20-cm piece of slender Teflon tubing (0.8 mm 
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inside diameter) for introduction of volatile chemical cues 
into each arm of the bioassay apparatus. Two techniques 
were used to introduce candidate chemical cues into the 2 
arms of the apparatus: 1 used shell vials as chemical 
5 sources, and the other used syringes as chemical sources. 

Shell Vial Sources. In this 1st approach (Graph 18-1-A) , 
two 35-ml polyethylene syringes (cat. no. 106-0490, Sherwood 
Medical, St. Louis, MO) were filled with ambient air, and 
the air was pumped through shell vials containing candidate 

10 chemical cues. . Glass shell vials (4 ml) with polyethylene 
caps were used (cat. no. B7785-1, Baxter Healthcare, McGaw 
Park, IL) . A 35-ml syringe was. snugly connected with 
slender Teflon tubing (20 cm) to a hole in the cap of the 
shell vial. A 2nd piece of slender Teflon tubing was used 

15 to connect the shell vial to 1 arm of the bioassay 
apparatus. The 2 syringes used for each bioassay were 
connected to a syringe pump (Sage Model 355, Fisher 
Scientific, Pittsburgh, PA) that provided an airflow through 
each shell vial containing a candidate chemical treatment, 

20 and subsequently into a choice arm of the bioassay 
apparatus. For the shell vial sources of candidate chemical 
compounds, the shell vial containing either a carbonated 
water dilution or a corn seed or cut corn roots was left 
open for 5 min to allow the gas concentrations to reach 

25 equilibrium. The vial was capped, and the syringe pump was 
started, providing an airflow of- 1.0 ml/min from each 
syringe. 

Syringe Sources. In this 2nd approach (Graph 18-2-A) , 35-ml 
polyethylene syringes were filled directly with candidate 
30 chemical cues ( such as the headspace from a container of 
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germinating corn, a sample of C0 2 mixed with air, or the 
headspace from a bottle of carbonated water) . Each of the 2 
syringes . was connected with slender Teflon tubing to 1 arm 
of the bioassay apparatus. The 2 syringes used for each 
5 bioassay were connected to a syringe pump that was adjusted 
to provide an airflow of 1 ml/min from each syringe. 
Bioassay Procedure. For bioassays, 20 newly hatched 1st 
instars (0 — 12 h old) were collected from tubs containing 
eggs in soil (by using a camel's hair brush) and placed in a 

10 covered 5-mm NMR cap with 2 holes (1 mm diameter) drilled in 
the bottom (Graphs 18-1-A and 18-2-A) . These holes were 
temporarily plugged with a piece of wire bent into a U- 
shape. The open end of the NMR cap was sealed with a small 
square of cellophane held in place with a plastic tube (a 

15 piece of soda straw) that fit snugly over the open end. The 
Y-tube apparatus was assembled and filled' with glass beads 
and the appropriate treatment and control sources (shell 
vials or syringes) were connected to the arms of the Y-tube. 
The syringe pump was set to provide a flow of 1 ml/min and 

20 turned on. A flow meter was used to verify that the flow 
exiting the top of the Y-tube was 2 ml/min, confirming the 
flow of volatiles through the apparatus and verifying that 
there were no leaks in the connections. If the flow was 
inadequate, all connections were inspected and secured, and 

25 the flow was rechecked. After 3 min of pumping, the wire 
piece blocking the 2 holes in the NMR cap was removed and 
the cap was placed in the top of the Y-tube, allowing larvae 
to crawl out through the 2 holes and down into the glass 
beads. Bioassays were conducted for 30 min. The entire Y- 

30 apparatus was disassembled, and the positions of the larvae 
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were recorded. Larvae were not reused in subsequent tests. 
Before each test, all glass parts of the apparatus were 
washed with soap and water, rinsed with water, and heated at 
80°C in an oven for 30 min. 
5 GC-MS Analysis of C0 2 . Mass spectrometry was used to 

determine C0 2 concentrations. A Hewlett-Packard Series II 
5890 gas chromatograph interfaced with a Hewlett-Packard 
5971 mass selective detector was operated in selected ion 
monitoring mode (SIM) for m/e 44 with a methyl silicone 

10 capillary column (30 m long, 0.32 mm inside ' diameter , RSL- 
150, Alltech, Deerfield, IL) . A 10-mmol/mol mixture of C0 2 
(a 300-ml glass bottle into which -3 ml of C0 2 was injected) 
was used as a standard to calculate the C0 2 concentrations 
of the unknown samples. 

15 Germinating Corn Seed Versus Air. Using the shell vial 
source technique, germinating corn seeds were tested to 
determine whether larvae could detect volatile compounds 
produced by the growing seeds and follow them through a 
glass bead medium to the source. Individual washed corn 

20 seeds were placed in glass shell vials (4 ml ) with a 
moistened piece of filter paper inside. The vials were 
placed on moistened germination paper inside a covered 
plastic container (30 by 15 cm) and germinated for 3d. A 
vial containing a single 3-d-old germinating seed was 

25 removed from the covered plastic container just before 
testing and connected to the bioassay apparatus. An empty 
shell vial was connected to the other side as a control. 
The C0 2 concentrations of the germinating corn seeds and the 
control were determined by using GC-MS-SIM. 
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Cut Corn Roots Versus Air. In a companion experiment, cut 
corn roots were tested to determine whether larvae were 
attracted to volatile compounds produced by the roots alone. 
Corn roots (14.5 cm, 3 d old) were cut into 2 — 3 cm lengths 
5 and placed into 1 shell vial. The other shell vial (control 
side) contained ambient air. The C0 2 concentrations of the 
cut corn roots and the control were determined by using GC- 
MS-SIM. 

Corn Headspace Bioassay. Using the syringe source 

10 technique, the headspace over germinating corn seedlings was 
tested to determine the larval response to corn volatiles in 
the glass bead apparatus. Washed corn seeds were spread on 
moistened germination paper inside a covered plastic 
container (30 by 15 cm) and germinated for 3 d to allow 

15 volatile corn compounds to be produced. A 35-ml 

polyethylene syringe was filled with the headspace 
containing these volatile compounds by means of a 25 cm 
length of slender Teflon tubing inserted into a hole drilled 
into the cover. The control syringe was filled from an 

20 identical .plastic container containing only moistened 
germination paper. The C0 2 concentrations of the syringes 
were determined by using GC-MS-SIM before each bioassay. 
Consistency of CO z Delivery. The consistency of the C0 2 
concentration delivered into the bioassay apparatus was 

25 measured using ' GC-MS-SIM . For syringe sources,- a 35-ml 
polyethylene syringe was partially filled with ambient air 
(5 ml) -and 80 pi of C0 2 (obtained with a glass syringe from 
a tank containing pure [100%] C0 2 ) was injected into the 
syringe. Ambient air was then drawn into the syringe to 

30 fill it, mixing the air and C0 2 thoroughly by turbulence at 



83 



the same time. A syringe containing 800 \il of C0 2/ and 
another containing only ambient air, also were prepared. 
The syringes were allowed to equilibrate for 30 min before 
they were connected to the syringe pump (set at a flow of 1 
5 ml/min) . After 3 min of pumping, a 2-\il sample was taken 
from 5 cm inside a 20-cm length of Teflon tubing exiting 
from each syringe, by using a 10-yl (Hamilton) syringe. To 
test consistency of C0 2 release from the syringes, samples 
were taken at 0, 10, 20, and 30 min (following the initial 

10 3-min pumping interval) and analyzed using GC-MS-SIM. For 
behavioral bioassays, samples were taken 5 min before the 
start of the bioassay from 5 cm inside the syringe. 
For shell vial sources, C0 2 concentrations were measured 
from the 0, 1, 3, 10, 30, and 100% dilutions of carbonated 

15 water. A dilution of carbonated water (1 ml) (see 
preparation below) was slowly dispensed into a shell vial (4 
ml capacity) with a 1-ml Pasteur pipette. The vial was left 
open for 5 min to allow the C0 2 gas concentration to reach 
equilibrium. A 35-ml polyethylene syringe on the syringe 

20 pump was used to pump air through the shell vial at 1 
ml/min. After 3 min of pumping, a 2-)il sample of the 
headspace was taken from 5 cm inside a 20-cm length of 
Teflon tubing exiting from the shell vial, using a 10-|il 
(Hamilton) syringe. To test consistency of C0 2 release from 

25 the shell vials/ samples were taken at 0, 10, 20, and 30 min 
and analyzed using GC-MS-SIM. 

C0 2 Bioassay. In a preliminary experiment, a 10-mmol/mol 
concentration of C0 2 was used to test larval attraction. A 
35-ml polyethylene syringe was rinsed with distilled water 
30 to moisten the inside of the syringe, and partially filled 

84 



(5 ml) with ambient air. The C0 2 (350 pi) was obtained with 
a glass syringe from a tank containing pure (100%) C0 2 and 
injected into the 35-ml polyethylene syringe. Ambient air 
was then drawn into the syringe to fill it to a total volume 
5 of 35 ml, mixing the air and C0 2 thoroughly by turbulence. 
The gas mixture in the syringe was allowed to equilibrate 
for 15 min, and . GC-MS-SIM was used to verify the C0 2 
concentration before each bioassay. A 2nd 35-ml 

polyethylene syringe was filled with ambient air for a 
10 control, and the C0 2 concentration was measured using GC-MS- 
SIM. 

CO z (Dose— Response) . In subsequent experiments, mixtures 
of C0 2 and ambient air were tested to determine the larval 
response to a range of C0 2 concentrations. A 35-ml syringe 

15 was rinsed with distilled water and partially filled (5 ml) 
with ambient air. Different amounts of 100% C0 2 were 
obtained with a smaller glass syringe from a tank and 
injected into the 35-ml syringe. Ambient air was then drawn 
into the 35-ml syringe to fill it and mix the gases by 

20 turbulence as the syringe was loaded. A 2nd 35-ml 
polyethylene syringe was filled with ambient air for a 
control. Measurements with GC-MS-SIM confirmed that the C0 2 
concentrations reached equilibrium after 15 min. The C0 2 
concentration of the syringes was determined by using GC-MS- 

25 SIM analysis before each bioassay. 

C0 2 Selective Response. Pairs of C0 2 mixtures were tested 
to determine if the larvae could detect small differences in 
C0 2 concentration. In a typical test, a syringe containing 
1 mmol/mol C0 2 was connected to 1 arm of the Y-tube, and a 

30 syringe containing 1.5 mmol/mol C0 2 was connected to the 
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opposite arm of the Y-tube. In subsequent tests, 

comparisons were made for 2 versus 2,5 mmol/mol, 5 versus 
5.5 mmol/mol, 10 versus 10.5 mmol/mol, and 20 versus 20.5 
mmol/mol C0 2 . The C0 2 concentration of the syringes was 
5 determined by using GC-MS-SIM analysis before each 
bioassay. Using this same procedure, comparisons also were 
made to determine if larvae could detect even smaller 
differences (0.25, 0.125, and 0.00 mmol/mol) in C0 2 
concentration. Comparisons were made for 1 ve-rsus 1.25, 2 

10 versus 2.25, 5 versus 5.25, 10 versus 10.25, and 20 versus 
20.25 mmol/mol C0 2 , for 1 versus 1.125, 2 versus . 2 . 12-5 , 5 
versus 5.125, 10 versus 10.125, and 20 versus 20.125 
mmol/mol C0 2/ and also for 1 versus 1, 2 versus 2, 5 versus 
5, 10 versus 10, and 20 versus 20 mmol/mol of C0 2 . 

15 Diluted Carbonated Water (Dose— Response) . It has 

previously been shown that carbonated water can be used as a 
source of C0 2 to attract 2nd-instar western corn root worms 
( Jewett and Bjostad 1996) . Dilutions of carbonated water 
(Canada Dry Club Soda, Cadbury Beverages, Stamford, CT) in 

20 distilled water were evaluated for attraction of western 
corn root worm larvae. With this approach, handling of 
carbonated water was conducted with slow pouring of large 
volumes of liquid, and all transfers into shell vials were 
made with large-diameter pipettes to minimize outgassing. 

25 Six concentrations of carbonated water (0, 1, 3, 10, 30, and 
100%) were tested. A new, unopened bottle of carbonated 
water was used each day to prepare the dilutions. To 
prepare the 10 and 30% dilutions, the appropriate amount of 
distilled water was measured in a glass graduated cylinder 

30 and poured into a 300-ml glass bottle. The right amount of 
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carbonated water was then measured in a graduated glass 
cylinder and poured slowly into the same bottle to minimize 
outgassing of C0 2 . The diluted mixture (150 ml total 
volume) was stirred gently with a glass rod. The 10 and 30% 
5 dilutions were used to prepare the 1 and 3% dilutions, 
respectively. For bioassays f each dilution of carbonated 
water (1 ml) was slowly dispensed into a shell vial (4 ml 
capacity) with a 1-ml Pasteur pipette. Distilled water (1 
ml) was placed into a 2nd vial (control) . The vials were 

10 left open for 5 min to allow the C0 2 gas concentration to 
reach equilibrium, then were connected to the bioassay 
apparatus. The C0 2 concentration in the headspace above the 
carbonated water dilutions in the shell vials was determined 
by using GC-MS-SIM. 

15 Shell Vial Control Bioassays. Control tests with air on 
both sides- of the Y-tube and with carbonated water on both 
sides of the Y-tube were conducted to determine if there was 
an intrinsic tendency for the larvae to move to 1 side or 
the other when chemical cues were absent, or when C0 2 was 

20 present. For the 1st test, shell vials containing • ambient 
air were connected to both arms of the Y-tube. For the 2nd 
test, a 3.5-ml plastic syringe with a 2-cm needle was used 
to inject 0.5 ml of carbonated water (100% concentration) 
into 2 shell vials. The vials were allowed to stand open 

25 for 5 min before testing to allow the C0 2 gas concentration 
to reach equilibrium. 

Syringe-Source Control Bioassays. Control tests with air on 
both sides of the Y-tube and with C0 2 on both sides were 
conducted to determine if there was an intrinsic tendency 
30 for the larvae to move to 1 side or the other when chemical 
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cues were absent, or when C0 2 was present. For the 1st 
test, two 35 ml polyethylene syringes were rinsed with 
distilled water, filled with ambient air, and connected to 
both arms of the Y-tube. For the 2nd test, two 35-ml 
5 syringes were rinsed with distilled water and partially 
filled (5 ml) with ambient air. The C0 2 (100 pi, obtained 
with a glass syringe from a tank) was injected into each 
syringe, and room air was drawn into the syringes to fill 
them to a total volume of 35 ml. The mixtures were allowed 
10 to equilibrate for 15 min, and GC-MS-SIM analysis was used 
to verify that the C0 2 concentrations were the same in both 
syringes before each bioassay. 

CO2 Analysis of Corn Plants in Soil. The bottom of a round, 
plastic tub (11 cm high, 17 cm diameter) was covered with 3 

15 cm of soil, and 40 ml of water were added. Washed corn 
seeds (40--50) were distributed on top of the soil and the 
seeds were covered with an additional 3 cm of soil. The 
tubs were tightly covered. The lids were removed after 3 d, 
and the soil was kept slightly moist by adding water daily. 

20 Measurements of C0 2 were taken from the soil when the plants 
were 6 — 8 d old. A piece of metal wire (5.3 cm) was 
inserted into a glass tube (5 cm long, 1 mm inside diameter) 
so that the wire projected 3 mm from the end of the glass 
tube. The tube was inserted, wire first, 4 cm into the 

25 soil. The wire plug was removed from the glass tube, 
leaving a 3-mm gap in the soil just below the end of the 
glass tube. The needle of a 10-pl Hamilton syringe was 
inserted into the glass tube so that it projected 1 mm into 
the gap, and a 5-\il sample of soil headspace was removed. 

30 Samples were taken from different locations in the tub to 
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minimize disturbance of the soil CO--, concentrations. The 
C0 2 concentration of the soil headspace was determined by 
using GC-MS-SIM. Using the same method, samples were taken 
from control tubs containing soil alone. 

Statistical Analysis. Analysis of variance (ANOVA) was 
conducted with Minitab (Addison — Wesley, Reading, MA) . The 
Fisher LSD test was used for all a posteriori comparisons, 
with P = 0.05. 
Results 

Germinating Corn Seed Versus Air Choice Test. In 

experiments using shell vial sources, significantly more 
western corn root worm larvae (P < 0.05) were attracted to 
the side containing the germinating corn seed than to the 
control side (Graph 18-1-B) . The C0 2 concentration of the 
headspace above the germinating corn seed was 6.04 ± 0.83 

(mean ± SEM) mmol/mol, and the C0 2 concentration of the 
headspace on the control side was 0.99 ± 0.08 mmol/mol 

(Graph 18-1-D) . 

Cut Corn Roots Versus Air Choice Test. Significantly more 
western corn root worm larvae (P < 0.05) were attracted to 
the side containing cut corn roots than to the control side 
(Graph 18-1-C) . The C0 2 concentration of the headspace 
above germinating corn roots was 2.97 ± 0.15 mmol/mol, and 
the C0 2 concentration of the headspace on the control side 
was 0.99 ± 0.08 mmol/mol (Graph 18-1-E) . 

Corn Headspace Bioassay. In bioassays with syringe sources, 
significantly more western corn root worm larvae (P < 0.05) 
were attracted to the side containing the headspace over 
germinating corn seeds than to the control side (Graph 18-2- 
B) . The C0 2 concentration of the headspace above the 
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germinating corn seeds was 5.38 ± 0.45 mmol/mol, and the C0 2 
concentration of the headspace on the control side was 1.14 
±0.13 mmol/mol (Graph 18- 2-D) . 

C0 2 Bioassay. In a preliminary experiment to verify 
5 attraction of the larvae to syringe sources containing C0 2/ 
significantly more western corn root worm larvae (P < 0.05) 
were attracted to the side containing 10 mmol/mol C0 2 (10.43 
± 0.18 mmol/mol) than to the control side (Graph 18-2-C) . 
The C0 2 concentration of the control side was 0.93 ± 0.04 

10 mmol/mol (Graph 18-2-E) . 

Consistency of C0 2 Delivery. ' The release of C0 2 from 
syringe sources was highly consistent over the course of a 
30-min bioassay interval (Graph 18-3-A) . The release of C0 2 
from shell vial sources was consistent over the course of a 

15 30 min bioassay interval for the lower doses tested (0, 1, 
3, and 10%), but not for the higher doses (30 and 100%) 
(Graph 18-3-B) . 

C0 2 (Dose— Response) . The larvae were attracted to a wide 
range of C0 2 concentrations. The lowest concentration of 

20 C0 2 that was attractive to the larvae (Graph 18-4) was 1.34 
± 0.05 mmol/mol (10 \il of C0 2 added to syringe) (P < 0.05), 
where the control C0 2 concentration was 0.91 ± 0.03. The 
highest dose to which the larvae were attracted was 85.60 ± 
1.20 mmol/mol (3 ml of C0 2 added to syringe). They were not 

25 attracted to 300 mmol/mol (10 ml of C0 2 added to syringe) or 
900 mmol/mol (30 ml of C0 2 added to syringe) concentrations 
(Graph 18-4) . 

C0 2 Selective Response. Significantly more larvae were 
attracted (Graph 18-5) to the higher C0 2 concentration for 1 
30 versus 1.50 mmol/mol, for 2 versus 2.50 mmol/mol, for 5 



versus 5.50 mmol/mol, and for 10 versus 10.50 mmol/mol, but 
no difference in attraction was observed for 20 versus 20.50 
mmol/mol of C0 2 . When smaller C0 2 differences were tested 
(0.25 mmol/mol), fewer significant differences were 
5 observed. Larvae were more- attracted to the higher C0 2 
concentration for 1 versus 1.25 mmol/mol, and for 2 versus 
2.25 mmol/mol, but no difference in attraction was observed 
for 5 versus 5.25 mmol/mol, for 10 versus 0.25 mmol/mol, or 
for 20 versus 20.25 mmol/mol. At the smallest C0 2 

10 difference tested, significantly greater attraction was 
observed to 1.125 mmol/mol than to 1 mmol/mol (the actual 
C0 2 concentration of the treatment side was 1.18 ± 0.05 
mmol/mol, and the actual control concentration was 1.06 ± 
0.05 mmol/mol), but no difference in attraction was observed 

15 in any of the tests at higher concentrations. In control 
tests with equal amounts of C0 2 on both sides (1, 2, 5, 10, 
or 20 mmol/mol), no significant differences in attraction 
were observed. 

Diluted Carbonated Water (Dose—Response) . In bioassays 
20 with shell vial sources, the 3% dilution of carbonated water 
was the lowest attractive dose (Graph 18-6-A) (P < 0.05). 
The larvae responded optimally to the 10% dilution of 
carbonated water, and all concentrations (3, 10, 30, and 
100%) greater than the 1% dilution were significantly more 
25 attractive (P < 0.05) than the control (distilled water). 
The C0 2 concentration of the control (distilled water) was 
1.42 ± 0.08 mmol/mol, and the concentration of the 1% 
dilution was 1.48 ± 0.10 mmol/mol (Graph 18-6-B) . The C0 2 
concentration of the 3% dilution was 1.91 ± 0.09 mmol/mol, 
30 and the 10% dilution produced 2.55 ± 0.12 mmol/mol of C0 2 . 
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The 30% dilution produced 6.06 ± 0.36 mmol/mol of C0 2 , and 
the 100% carbonated water produced 24.49 ± 0.22 mmol/mol of 
C0 2 . 

Shell Vial Control Bioassays. There was no significant 
5 difference ( P > 0.05) between the numbers of larvae moving 
to the right and to the left when no chemical treatment was 
present on either side of the choice test. Western corn 
root worm larvae moved slowly through the glass beads, and 
after 30 min, equal numbers of larvae were found in the 

10 right and left arms of the Y-tube. The C0 2 concentration in 
the shell vials containing ambient air was 0.99 ± 0.08 
mmol/mol . Larvae also chose equally between the right and 
left sides of the choice test when carbonated water was 
present on both sides in shell vial sources (P > 0.05) 

15 Each shell vial of carbonated water produced 24.49 ± 1.31 
mmol/mol of C0 2 . 

Syringe Source Control Bioassays. There was no significant 
difference ( P > 0.05) between the numbers of larvae moving 
to the right and to the left when ambient air was present on 

20 both sides of the choice test from syringe sources . Larvae 
also chose equally between the right and left sides of the 
choice test when C0 2 was present on both sides (P > 0.05). 
The C0 2 concentration from the syringes was 4.37 ± 0.04 
mmol/mol (right) and 4.36 ± 0.04 mmol/mol (left). 

25 C0 2 Analysis of ' Corn Plants in Soil. The C0 2 concentration 
in the soil atmosphere in tubs containing 8-d-old growing 
corn plants was 4.36 ± 0.31 mmol/mol (measured by GC-MS- 
SIM) . The concentration of C0 2 in tubs containing soil 
alone was 1.38 ± 0.03 mmol/mol, and the concentration in the 

30 ambient air was 0.94 ± 0.01 mmol/mol. 



Discussion 

A key component of the current study was the design of an 
improved behavioral bioassay specifically to test attraction 
of Ist-instar western corn root worm to volatile compounds 
5 from corn plants. Previous studies of western corn root 
worm behavior have involved either the use of petri dish or 
arena bioassay designs (Branson and Ortman 1967, 1970; 
Strnad et al. 1986; Hibbard and Bjostad 1988; Jewett and 
Bjostad 1996) , or a soil-containing chamber (Strnad and 

10 Bergman 1987, Gustin and Schumacker 1989, Hibbard and 
Bjostad 1989, MacDonald and Ellis 1990) . Studies of western 
corn root worm responses to chemical cues from corn 
previously have been carried out in our laboratory with 2nd 
instars using a petri dish bioassay (Hibbard and Bjostad 

15 1988) . Second instars were used in these previous studies 
because they were more robust and easier to handle, and 
because the delicate 1st instars responded poorly in the 
petri dish bioassays. However, the burden of host location 
lies with the neonate larvae, who must locate suitable host 

20 plant roots in a limited amount of time to ensure survival 
to adulthood (Strnad and Bergman 1987, Branson 1989, 
MacDonald and Ellis 1990) . 

During initial observations, some important behaviors of the 
newly hatched larvae were noted and provided guidance in the 

25 development of*' the new bioassay. First, the larvae 
exhibited a tendency to move downward. They moved in a 
downslope direction when placed on a flat, slightly tilted 
surface (petri dish) , and also moved downward when they were 
allowed to move through a porous, soil-like medium such as 

30 glass beads. Second, the larvae appeared to use 
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thigmotactic cues to maneuver. When placed in the center of 
a small (5 cm) petri dish, the larvae quickly moved to the 
outside of the dish and continued to crawl around the 
circumference of the dish, keeping their bodies in contact 
5 with the outside edge at all times. If a piece of filter 
paper was placed in the petri dish, the larvae either 
positioned themselves between the edge of the paper and the 
edge of the dish and continued to crawl around the outside 
circumference, or they crawled beneath the paper before 

10 coming to rest. From these observations, we concluded that 
geo tropic tendency and use of thigmotactic cues are 
apparently important elements of neonate western corn root 
worm larval behavior, and these were given special 
consideration when designing this new behavioral bioassay. 

15 The new bioassay design accommodates the small size of 

the neonate larvae, provides a choice in the vertical 
direction, and uses glass beads to simulate the thigmotactic 
cues that are ordinarily encountered by western corn root 
worm larvae in their natural soil environment. The glass 

20 bead apparatus also can be adapted to facilitate the testing 
of a variety of chemical sources. We have verified in 
choice tests that corn roots and germinating corn seeds are 
attractive to western corn root worm larvae. In addition, 
gaseous mixtures of C0 2 were shown to attract newly hatched 

25 western corn root worm larvae in this behavioral bioassay, 
and the headspace above diluted carbonated water also was 
found to be attractive. 

Neonate larvae exhibited a positive chemotactic 
response to C0 2 in the glass bead bioassay similar to that 

30 demonstrated previously using other bioassay designs (Strnad 
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et al. 1986, Hibbard and Bjostad 1988, MacDonald and Ellis 
1990, Jewett and Bjostad 1996) . In the C0 2 dose — response 
experiment, the larvae were able to detect and were 
attracted to levels of C0 2 as small as 1.34 ± 0.05 mmol/mol 
5 when the control (ambient air) contained 0.91 ± 0.03 
mmol/mol . 

In syringe source bioassays, the larval response to C0 2 
increased with each increase in the amount of C0 2 added to 
the syringe mixtures (1, 3, 10, .... pi of C0 2 ) (Graph 18-4) 

10 when the control side contained 1.00 ± 0.09 mmol/mol of C0 2 . 
In the dose--response test, the attractive range of 
concentrations was from 1.34 ± 0.05 to 85.6 ± 1.20 mmol/mol. 
The most attractive concentrations of C0 2 were 2.51 ± 0.13 
mmol/mol (30 pi of C0 2 added to the syringe), and 4.20 ± 

15 0.21 mmol/mol (100 pi added to the syringe). This range of 
attractive concentrations of C0 2 is consistent with the 
level of C0 2 produced by a germinating corn seed in a shell 
vial (6.04 ± 0.83 mmol/mol), cut corn roots in a shell vial 
(2.97 ± 0.15 mmol/mol), and also with the concentration 

20 found in the headspace above 50 g (dry wt) of germinating 
corn seeds (5.38 ± 0.45 mmol/mol). The concentration of C0 2 
measured in soil near the roots of growing corn plants (4.36 
± 0.31 mmol/mol) was consistent with the optimally 
attractive range of concentrations (2.51 ± 0.13 to 4. .20 ± 

25 0.21 mmol/mol),- indicating that the bioassay ^technique 
produced gradients of C0 2 similar to those that are 
behaviorally active in the soil. 

The ability of the larvae to detect small differences 
in concentration at low base levels also was detected in the 

30 selective response experiment, in which r the larvae were 
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consistently attracted to the higher concentration of C0 2 
when the treatment side was 1 mmol/mol, even when the 
difference between the 2 choices was as low as 0.125 
mmol/mol. In this series of experiments, the larvae were 
5 1st attracted to a C0 2 concentration that was 12.5% higher 
than the control when the control contained 1, 2, 5, 10, and 
20 mmol/mol C0 2 . This degree of sensitivity to C0 2 has been 
demonstrated previously for other insects. Doane et al. 
(1975) demonstrated that wire worm larvae respond to C0 2 

10 differences as small as 0.02% (0.20 mmol/mol). Pline and 
Dusenbery (1987) made the same observations for plant- 
parasitic nematodes. They found that the C0 2 threshold for 
nematode response was 0.01% (0.10 mmol/mol) at low baseline 
levels of C0 2 (0.1%) but was 0.05% (0.50 mmol/mol j when the 

15 baseline concentration was higher (1.0%) (10 mmol/mol). 

In the current study, western corn root worm larvae 
were not attracted to 300 or 900 mmol/mol of C0 2 , and they 
exhibited toxic symptoms at these high concentrations. 
Larvae remained in the cap, or in the top 0.5 cm of .glass 

20 beads, throughout the bioassay period. They were lethargic 
when removed from the apparatus, but recovered normal- 
movement after 5 — 10 min. Doane et al. (1975) reported a 
similar lack of response to high concentrations of C0 2 by 
plant-parasitic nematodes. 

25 Although small amounts of C0 2 have a stimulatory effect 

on many insects, high levels of the gas act as an anesthetic 
by inhibiting .bioelectrical responses of the insect nervous 
system (Nicolas and Sillans 1989) . 

The ability to detect and respond to small differences 

30 in C0 2 concentration may be important in host location by 
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neonate western corn root worm larvae. Strnad et al. (1986) 
demonstrated that 1st instars follow a gradient of C0 2 to 
its source, and that they respond to increases in the 
gradient by exhibiting a reduction in the number of turns 
5 and direction changes. Our results indicate that the larvae 
net only detect these changes but also when given a choice 
of 2 different concentrations of C0 2/ are attracted to the 
higher concentration and follow it toward the source. As 
shown by Branson (1989) and Strnad and Bergman (1987), 

10 neonate western corn root worm larvae die if they do not 
■ locate food within 3 d after hatching, and their survival to 
adulthood is significantly reduced if it takes them more 
than 24 h to find the roots of a suitable host plant. In 
more recent studies (MacDonald and Ellis 1990) , western corn 

15 root worm larvae survived after 24 h of starvation, and some 
were able to survive for as long as 13 d with adequate 
temperatures and soil moisture. In the soil surrounding a 
growing corn plant, a C0 2 gradient may form around the 
entire root mass. Western corn root worm larvae may use 

20 their ability 'to detect differences in concentration to 
orient directly to the root of the corn plant and avoid 
losing valuable time searching the entire area in which the 
roots are growing. 

We propose using C0 2 to attract soil organisms 

25 (insects, nematodes, mites) away from their host plants or 
to confuse them so that they are unable to locate host 
plants. Sources of C0 2 include carbonated water. 

Sufficient C0 2 gradients can be produced by granules of 
potassium bicarbonate coformulated with an acid and a 

30 pesticide that are broadcast or incorporated into the soil. 
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We are the first to appreciate the use of organic sources to 
achieve a slow release of C0 2 for control of soil organisms. 
Calcium alginate co-encapsulated with yeast and a nutrient 
substrate, starch granules and k-carrageenan encapsulation 
can also be used as formulations for microbial pesticides 
and chemical or biological sources of C0 2 can be 
incorporated into these granules to attract and kill soil 
pests. 

Graph 18-1. (A) Glass bead bioassay apparatus with 

candidate chemical cues in shell vials. (B) Choice test 
bioassay with a germinating corn seed versus air. (C) 
Choice test bioassay with cut corn roots (0.34 g) versus 
air. (D) C0 2 concentrations (measured with GC-MS-SIM) of 
germinating corn seed and air in shell, vials. (E) 
Concentrations of C0 2 (measured with GC-MS-SIM) of cut corn 
roots and air in shell vials. Significant differences (p < 
0.05) are indicated by different lower case letters. Bars 
represent standard errors. WCR, western corn root -worm. 
Graph 18-2. (A) Glass bead bioassay apparatus with 

candidate chemical cues in syringes. (B) Choice test 
bioassay with headspace over germinating corn seeds versus 
air. (C) Choice test bioassay with C0 2 (10 mmol/mol) versus 
air. (D) Concentrations of C0 2 (measured with GC-MS-SIM) of 
headspace over germinating corn seeds and air in syringes. 
(E) Concentrations of C0 2 (measured with GC-MS-SIM) of C0 2 
(10 mmol/mol) and ambient air in syringes. Significant 
differences (p < 0.05) are indicated by different lower case 
letters. Bars represent standard errors. WCR, western corn 
root worm. 



98 



Graph 18-3. (A) Concentrations of C0 2 (measured with GC- 
MS-SIM) from syringes measured every 10 min with syringe 
pump turned on. • (B) Concentrations of C0 2 (measured with 
GC-MS-SIM) from shell vials measured every 10 min with 
syringe pump turned on. Bars represent standard errors 
(most standard error bars are too small to be visible on the 
graph) . 

Graph 18-4. (A) Choice-test bioassay with C0 2 in syringe 
sources. (B) C0 2 concentrations (measured with GC-MS-SIM) 
of mixtures in syringes. Significant differences (P < 0.05) 
are indicated by different lower case letters. Bars 
represent standard errors (all standard error bars are too 
small to be visible on. the graph) . 

Graph 18-5. Choice-test bioassay with syringe sources 
containing (A) 1, (B) 2, (C) 5, (D) 10, and (E) 20 mmol/mol 
minimum C0 2 concentrations. Significant differences (P < 
0.05) are indicated by different lower case letters. Bars 
represent standard errors. 

Graph 18-6.- (A) Choice-test bioassay with shell vials 
containing different dilutions of carbonated water. (B) C0 2 
concentrations (measured with GC-MS-SIM) of carbonated water 
dilutions. Significant differences ( P < 0.05) between each 
treatment and control are indicated by different lower case 
letters. Bars represent standard errors. 

Graph 18-7 (A) Choice-test bioassay with syringe sources 
containing the headspace from different dilutions of 
carbonated water. (B) C0 2 concentrations (measured with 
SIM-GC-MS) from the headspace over each dilution of 
carbonated water. Significant differences (p<0.05) in 
attraction to a particular dose of C0 2 and its corresponding 
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control are indicated by different lower case letters. Bars 
represent standard errors (many are too small to be 
visible) . 

Graph 18-8. Control choice test bioassays with (A) shell 
vials containing air on both sides, (B) shell vials 
containing carbonated water on both sides, (C) syringes 
containing air on both sides, and (D) syringes containing 
C0 2 on both sides. Significant differences (p<0.05) are 
indicated by different lower case letters . Bars represent 
standard errors. 

Graph 18-9. C0 2 concentrations (measured with SIM-CG-MS) 
from soil near growing corn roots, soil alone and ambient 
air. Significant differences (p<0.05) are indicated by 
different lower case letters. Bar represent standard 
errors . 
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Example 19 

In strong contrast to earlier published results, we now 
conclude that the attraction of western corn root worm, 
Diabrotica virgifera virgifera LeConte, larvae to corn roots 
5 is due to C0 2 alone, and that no other volatile chemical 
cues are involved in attracting the larvae. Choice test 
behavioral bioassays were conducted in the laboratory, with 
volatile corn compounds on 1 side of the bioassay apparatus 
and with different concentrations of C0 2 on the other side 

10 (mass spectrometry was used to measure C0 2 concentrations on 
both sides of the apparatus) . Larvae were strongly 
attracted to volatile compounds from corn when ambient air 
was present on the other side of the bioassay. However, 
larvae chose equally between the 2 sides of the bioassay 

15 when volatile compounds from corn were present on 1 side and 
an equivalent concentration of C0 2 was present on the other 
side. When given a choice between corn volatiles and a 
higher concentration of C0 2 , the larvae chose the C0 2 side 
significantly more often. In an experiment conducted both 

20 with diapausing and non-diapausing strains, the headspace 
from germinating corn seeds was collected and continuously 
injected into 1 side of the bioassay apparatus, and a 
defined concentration of C0 2 was continuously injected into 
the other side. We tested the possibility that compounds of 

25 limited volatility may be involved in larval attraction by 
preparing glass beads coated directly with volatiles 
produced by germinating corn seeds, and also by testing soil 
that was removed from corn roots. All these experiments 
indicated that compounds other than C0 2 were not involved in 

30 larval attraction. In other experiments, the soil 
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atmosphere surrounding the roots of growing corn plants was 
not as attractive as an equivalent concentration of C0 2 
alone, and the headspace from feeding-damaged corn roots was 
not as attractive as an equivalent concentration of C0 2 
5 alone, indicating that weak repellents were present in these 
treatments together with the strong attractant C0 2 . Tests 
with solvent extracts and cryogenic extracts of germinating 
corn seeds in conjunction with C0 2 also indicated the 
presence of weak repellents in corn for the larvae. 

10 Western Corn Root Worm, Diajbrotica virgifera virgifera 

LeConte, a major pest of corn, Zea mays L., in the United 
States (Krysan and Miller 1986) , is an oligophagous, soil- 
dwelling insect, which as larvae, feeds upon the roots of 
its host plants. Branson (1982) reported that western corn 

15 root worm larvae are attracted to the roots of both host and 
non-host plants, and he concluded that western corn root 
worm larvae respond to non-specific primary metabolites 
(such as C0 2 ) produced by host plants, rather than host- 
specific secondary compounds. Strnad et al . (1986) reported 

20 that western corn root worm larvae are highly attracted to 
C0 2 , which is given off by corn roots in the soil (Harris 
and Van Bavel 1957, Massimino et al. 1980, Desjardins 1985, 
Labouriau and Jose 1987) . Other investigators have also 
demonstrated this attraction (Hibbard and Bjostad 1988, 

25 MacDonald and Ellis 1990, Strnad and Dunn 1990, Jewett and 
Bjostad 1996, Bernklau and Bjostad 1998) . 

Subsequent to this early work, a series of publications 
from our laboratory (Hibbard and Bjostad 1988, 1989, 1990; 
Bjostad and Hibbard 1992;- Hibbard et al. 1994) reported that 

30 corn roots emitted a blend of C0 2 , MBOA ( 6-methoxy-2- 
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benzoxazolinone) , and 3 long-chain fatty acids (stearic 
acid, oleic acid and linoleic acid) , and that this blend of 
compounds was more attractive than equivalent amounts of C0 2 
alone. However, later field tests showed these compounds to 
have little or no .effect as attractants for insecticides 
(Hibbard et al. 1995) . 

We recently completed an extensive set of experiments 
indicating that most of our own previous results were 
incorrect. We have now concluded that MBOA, stearic acid, 
oleic acid, and. linoleic acid are not involved in attraction 
of western corn root worm larvae, and that C0 2 is the only 
attractive volatile compound that attracts western corn root 
worm larvae to corn roots. 

Our revised conclusions are based on work conducted 
with a new behavioral bioassay designed specifically to test 
the responses of lst-instar western corn root worm larvae, 
the life stage that is of greatest ecological interest as 
far as host plant selection is concerned (our earlier 
publications were all based on work with 2nd instars) . The 
new bioassay apparatus consists of a vertical glass Y-tube 
filled with glass beads. The Y-tube accommodates the 
geotropic tendency of the larvae by allowing them to make a 
choice between the downward arms, and the glass beads 
reproduce the thigmotactic cues available to larvae in their 
natural soil environment. A syringe pump is used to provide 
slow, consistent delivery of candidate compounds to the 2 
sides of the apparatus. In addition, the glass bead 
apparatus can be adapted to facilitate the testing of a 
variety of chemical sources. 
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In initial experiments with our new bioassay apparatus, 
we found that larvae were equally attracted to the corn 
source and to the control when the C0 2 concentrations were 
equally matched on both sides. These results directly 
5 contradicted our earlier work, and compelled us to 
reinvestigate the role of C0 2 and other volatile compounds 
in the attraction of western corn root worm larvae. 

Materials and Methods 

10 

Insects. Western corn root worms (originally obtained from 
J. Jackson, USDA-ARS Laboratory, Brookings, South Dakota) 
(non-diapausing strain) were reared on corn plants grown in 
soil in an incubator using methods described by Jackson 

15 (1985) and modified by Hibbard and Bjostad (1988) . Periodic 
additions were made to the colony with eggs obtained from 
French Agricultural Research (Lamberton, MN) . Eggs from a 
diapausing strain of western corn root worm were obtained 
from French Agricultural Research. The eggs (in soil) were 

20 kept moist and larvae were used in bioassays within 12 h of 
hatching. . . 

Corn. Untreated, dried corn seeds {Zea mays, cv 3055 
provided courtesy of Gary D. Lawrance, Pioneer Hi-Bred 
International, Inc., Johnston, Iowa) were washed with soapy 

25 water, soaked for 24 h in soapy water . (1 drop of Ivory 
Dishwashing Liquid, Procter & Gamble, Cincinnati, OH, per 
liter of water), and rinsed thoroughly with water. For use 
in bioassays, the washed seeds were germinated 3 d on 
germination paper (Steel Blue, Anchor Paper Company, St. 

30 Paul, MN) in a closed polyethylene tub (30 by 15 cm), and 
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the plants typically reached a shoot length of 1 cm and a 
root length of 6 cm. 

Soil. Soil was obtained from a local agricultural research 
farm whose history was known, and where no corn had been 
5 grown for 5 years . 

Bioassay Procedure. All bioassays were choice tests 
conducted using a vertical glass M Y" tube apparatus filled 
with 3-mm glass beads (Bernklau and Bjostad 1998) (Graph 19- 
1-A) . Volatile compounds were prepared in 35-ml 

10 polyethylene syringes (cat no. 106-0490, Sherwood Medical, 
St. Louis, MO) and a syringe pump (Sage Model 355, Fisher 
Scientific, Pittsburgh, PA) was used to provide, slow (1 ml 
per min) consistent delivery of the compounds into each 
choice arm of the bioassay apparatus. Twenty newly-hatched 

15 larvae (less thanl2-h-old) were used for each bioassay. 
Non-diapausing larvae were used for all experiments unless 
otherwise indicated below. For each choice test a minimum 
of 10 replicates were conducted. 

GC-MS Analysis of C0 2 . Mass spectrometry was used, to 
20 determine C0 2 concentrations. A Hewlett-Packard Series II 
5890 gas chromatograph interfaced with a Hewlett-Packard 
5971 mass selective detector was operated in selected ion 
monitoring mode (SIM) for m/e 44 with a methyl silicone 
capillary column (30 m by 0.32 mm inside diameter, RSL-150, 
25 Alltech, Deerfield, MI) . A 2-microliter sample of the 
headspace was taken from 2 cm inside the polyethylene 
syringes . 

Corn Headspace Versus C0 2 . Using the glass bead 
bioassay (Bernklau and Bjostad 1998) the headspace over 
30 germinating corn seeds was tested in a choice test against a 
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series of C0 2 concentrations to determine if corn volatiles 
(including C0 2 ) were more attractive to the larvae than C0 2 
alone. A 35-ml syringe was filled with the headspace over 
3-d-old germinating corn seedlings by means of a 25-cm 
5 length of slender Teflon tubing inserted into a hole drilled 
into the cover of the tub containing the corn seedlings. 

Three different concentrations of C0 2 were tested on 
the control side of the choice test. In the 1st test, we 
used ambient room air on the control side, which contains a 

10 lower concentration of C0 2 than the corn headspace 
(approximately 1.0 mmol/mol) . In the 2nd test, we used GC- 
MS-SIM to match the C0 2 concentration in the syringe on the 
control side to be equal to that measured in the syringe 
containing corn headspace. In the 3rd test, the syringe on 

15 the control side of the choice test contained a C0 2 
concentration twice that measured in the corn headspace. To 
prepare each of these control concentrations, a 2nd 35-ml 
polyethylene syringe was partially filled (approximately 5 
ml) from a tank containing pure (100%) C0 2 using a glass 

20* syringe. Headspace from a plastic tub containing only moist 
germination paper was drawn into the syringe to fill it, 
mixing the air and C0 2 thoroughly at the same time. The gas 
mixtures in the polyethylene syringes were allowed to 
equilibrate for 15 min, and GC-MS-SIM was used to verify the 

25 C0 2 concentrations in both syringes prior to each bioassay. 

Corn Headspace Versus C0 2 with Diapausing Larvae. The 
larvae used in our studies were from a colony of 
nondiapausing western corn root worm that has been 
maintained in our laboratory since 1986. We wished to 

30 determine if diapausing western corn root worm larvae would 



116 



respond differently to corn volatiles than the colony 
larvae. Using the same method described above, the 
headspace over germinating corn seeds was tested in a choice 
test against a series of C0 2 concentrations with • western 
5 corn root worm larvae from a diapausing strain. 

Corn Headspace-Coated Glass Beads versus C0 2 . In the 
previous experiments, corn volatiles were introduced into 
the bottom of the Y-tube and carried through the glass beads 
by the airstream from the syringe pump. We also tested the 

10 possibility that some volatile compounds may have been 
removed from the airstream by coating out on the glass beads 
on the bottom of the Y-tube where they would not be 
available for the larvae to detect at the choice point. near 
the middle of the Y-tube. For these tests, 2 glass tubes (4 

15 cm long, ' 8 mm inside diameter, restricted at the bottom to 
support the glass beads) were wrapped with Teflon tape and 
fitted snugly inside each branch of the Y-tube. A Teflon 
connector was fitted over the bottom end of each tube, a NMR 
cap was then inserted tightly inside the connector, and both 

20 tubes were filled with glass beads.. One filled glass tube 
was inserted 2 cm into the bottom of a plastic tub. 
containing 3-d-old germinating corn seeds. A 25-cm length 
of Teflon tubing was inserted into the hole in the NMR cap 
and the other end was connected to a 35-ml polyethylene 

25 syringe. The plunger was slowly drawn out, pulling the corn 
headspace through the glass beads and filling the syringe. 
The glass tube was then removed from the corn tub, the top 
was capped with a rubber stopper, and the bottom was sealed 
with a metal plug inserted into the hole in the NMR cap. 

30 For the control side of the bioassay, a 35-ml polyethylene 
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syringe was filled with 1 of 3 concentrations of C0 2/ . as 
described previously (ambient C0 2/ C0 2 matching the 
concentration in the headspace over the germinating corn 
seeds, or twice the concentration of C0 2 in the corn 
5 headspace) . The gas mixture from 1 of the syringes was 
pushed through a glass test tube filled with glass beads 
through a 25-cm length of Teflon tubing inserted into a hole 
in the rubber stopper capping the top. The hole in the NMR 
cap was sealed with a wire plug. The glass tubes containing 

10 corn headspace or 1 of the C0 2 controls were uncapped and 
inserted into the ends of the Y-tube so that the tops were 
even with the junction of the ' Y'. With this arrangement, 
corn compounds of limited volatility were available to the 
larvae at the choice point. The rest of the Y-tube was 

15 . filled to within 0.5 cm of the top with untreated glass 
beads. The syringe containing corn headspace and the 2nd 
syringe containing a C0 2 mixture were connected to the ends 
of the Y-tube with 25-cm lengths of Teflon tubing inserted 
into the hole in the NMR cap. The C0 2 concentrations in 

20 both test tubes and in the 2 remaining polyethylene syringes 
were verified using GS-MS-SIM prior to each bioassay. . 
Headspace from Corn in Soil Versus CO z . We considered the 
possibility that microorganisms and other components of the 
soil environment may interact with growing corn roots to 

25 produce volatile compounds that attract western corn root 
worm larvae, and that they may not be present in corn that 
is germinated outside of soil. Using the method described 
above, the headspace obtained from soil that "contained 
growing corn plants was tested against different 

30 concentrations of C0 2 to determine if such volatiles attract 
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western corn root worm larvae. The bottom of a glass 
dessicator (Cat No. 25031-026, VWR Scientific, Denver, CO) 
(20 cm high, 25 cm diameter) was filled with water (3 cm 
deep) . A perforated ceramic plate (suspended 6 cm from the 
5 bottom) was lined with filter paper (Whatman No. 4, 15 cm 
diameter, Cat No. 1004-090, Springfield Mill, Maidstone, 
Kent, England) . Two 35-cm pieces of slender Teflon tubing 
were secured on top of the filter paper with sewing thread 
tied through the holes in the plate. The filter paper and 

10 . tubing were covered with 2 cm of a 4:1 soil/peat moss 
mixture, and the soil was then moistened with 40 ml of 
water. Untreated, dried corn seeds (50) that" had been 
washed with soapy water, soaked for 24 h, and rinsed 
thoroughly, were evenly spread over the soil and covered to 

15 a depth of 1 cm. The cover of the dessicator was replaced. 
The Teflon tubes were secured with cellophane tape to the 
sides of the chamber so that they projected out the hole (4 
cm diameter) in the cover. When the plants were 8 d old, 35 
ml of the soil headspace was drawn into a 35-ml polyethylene 

20 syringe through the 35-cm Teflon tubes. A 2nd 35-ml 
polyethylene syringe was filled (as described above) with 1 
. of 3 concentrations of C0 2 (ambient C0 2 , C0 2 matching the 
concentration in the headspace over the damaged corn seeds, 
or twice the concentration of C0 2 in the soil headspace) . 

25 The gas mixtures in the polyethylene syringes were allowed 
to equilibrate for 15 min, and GC-MS-SIM was used to verify 
the C0 2 concentration in both syringes prior to each 
bioassay. 

Soil Bioassay. A variation of the bioassay apparatus 
30 containing soil was used to test larval attraction to corn 
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compounds of limited volatility that might be present in 
soil in which corn is grown. Washed, soaked corn seeds (9) 
were planted in a plastic tub (11 cm high, 7 cm diameter) in 
soil that had been sifted through a 0.32 mm mesh and through 
5 a 5 mm mesh screen (W.S. Tyler Inc., Mentor, Ohio 44060). 
An equal amount of soil was added to a 2nd tub as a control. 
Both tubs were uncovered after 3 d and the soil was used for 
bioassays when the corn plants were 8 d old. ' The corn 
plants were removed from the soil and the soil was examined 

10 under a microscope to remove any pieces of corn roots that 
might remain. The bottom of a glass test tube (4 cm long, 8 
mm diameter, with a 1.5 mm hole in the bottom) was lined 
with a square (1 by 1 cm) of organza cloth and the tube was 
filled with the soil. A Teflon connector was snugly fitted 

15 over the . bottom end of the tube and a' NMR cap (with a 1-mm 
diameter hole) was inserted tightly inside the connector. A 
2nd glass test tube was prepared, using soil from the 
control tub. The 2 glass tubes were inserted snugly inside 
the glass Y-tube so that the tops were even with the 

20 junction of the 'Y' , and the rest of the Y-tube was filled 
to within 1 cm of the top with soil from the corn tub. A 
60-ml polyethylene syringe containing a 5 mmol/mol mixture 
of C0 2 (prepared as described' above) was connected to the 
side of the Y-tube containing corn soil via a 25-cm length 

25 of Teflon tubing inserted into the hole in the NMR cap. A 
2nd 60-ml polyethylene syringe was filled (as described 
above) with 1 of 3 concentrations of C0 2 (1, 5 or 10 
mmol/mol C0 2 ) and connected to the control side of the Y- 
tube. GC-MS-SIM was used to verify the C0 2 concentration in 
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both syringes prior to each bioassay. Bioassays were run 
for 60 min. 

Corn Headspace From Western Corn Root worm-Damaged Corn 
Versus C0 2 . Using the ' same method described in the 1st 
5 experiment, the headspace over germinating corn seeds that 
had been fed upon by western corn root worm larvae was 
tested against C0 2 to determine if larval feeding causes 
corn roots to produce volatile compounds that are more 
attractive to western corn root worm larvae than those from 

10 undamaged roots. Corn seeds were germinated in covered 
plastic tubs as described above. After 3 d, 80 2nd-instar 
western corn root worm larvae were transferred onto the 
roots of the germinating corn seeds, the container was 
closed and the larvae were allowed to feed for 24 h. A 35- 

15 ml polyethylene syringe was filled with the headspace 
containing the corn volatiles from the damaged corn, and a 
2nd 35-ml polyethylene syringe was filled with 1 of 3 
concentrations of C0 2 (ambient C0 2 , C0 2 matching the 
concentration in the headspace over the damaged corn seeds, 

20 or twice the concentration of C0 2 in the corn headspace) . 
The gas mixtures in the polyethylene syringes were allowed 
to equilibrate for 15 min, and GC-MS-SIM was used to verify 
the C0 2 concentration in both syringes prior to each 
bioassay . 

25 Corn Surface Extracts. Surface extracts of germinating corn 
seeds were, tested for larval attraction. Germinating corn 
seeds (3-d-old, 50 grams dry wt as determined at the end of 
the experiment) were firmly packed into a glass tube (30 cm 
long, 30 mm diameter, tapering to 12 mm diameter) and 

30 diethyl ether (glass-distilled) was dribbled through the 
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seedlings until 8 ml of extract had been collected. The 
extract was concentrated to 2 ml by evaporation with a 
gentle stream of nitrogen. Different aliquots of the 
extract (0.003, 0.03, 0.1, 0.3, 3.0, and 30 gram equivalents 
5 corn) were applied to a strip of filter paper (Whatman no. 
5, 0 . 5 by 2 cm) and an equal volume of control solvent, 
concentrated similarly, was applied to another strip of 
filter paper. After the solvent had evaporated, the strips 
were placed in the glass connection tube on the end of 
10 either branch of the Y-tube and the NMR cap was replaced. 
The bioassay was conducted as described above with equal 
concentrations of C0 2 (3 mmol/mol) in the syringes on both 
sides. 

Cryogenic Collections of Corn Volatiles . Germinating 

15 corn seeds (3-d-old, 50 grams dry wt as determined at the 
end of the experiment) were packed into a glass tube (30 cm 
by 30 mml, tapering to 12 mm) . A strip of filter paper 
(0.5 by 2 cm) and a boiling chip were placed. in the bottom 
of a glass sample tube (12 mm by 35 cm, closed at the 

20 bottom) and the sample tube was attached to ' the bottom of 
the seed-holding tube with a Teflon connector. For a 
control, a strip of filter paper and a boiling chip were 
placed in an empty sample tube. Both sample tubes were 
immersed in a liquid nitrogen bath (3.5 liters). As the air 

25 in the treatment tube condensed, a vacuum was created, which 
pulled air through the corn seedlings and down into the 
sample tube. When 2 ml of liquid air had collected in the 
treatment and control tubes, they were removed from the 
nitrogen bath, the treatment tube was disconnected from the 

30 corn seedling tube, and both tubes were placed into 
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precooled (in liquid nitrogen) styrofoam blocks until the 
condensed air had boiled away. The filter paper strips were 
removed from the tubes and immediately inserted into the 
glass connection tubes on either side of the bioassay 
5 apparatus. Bioassays were conducted using the shell vial 
method (described above) with equivalent concentrations of 
C0 2 on both sides of the choice test. 

Petri Dish Bioassay. The attraction of western corn 
root worm larvae to volatile compounds other than C0 2 was 

10 previously reported by our laboratory on the basis of 
experiments conducted using a petri dish bioassay apparatus 
(Hibbard and Bjostad 1988, 1989; Bjostad and Hibbard 1992). 
The results we have now obtained using the Y-tube apparatus 
conflict with these reports, and we conducted experiments 

15 using the petri dish bioassay apparatus to re-investigate 
the results reported previously (Hibbard and Bjostad 1988) . 
Three plastic petri dishes (5 cm diameter) were connected 
with 2-cm lengths of Teflon tubing (10 mm diameter) inserted 
into holes in their sides (Graph 19-6-A) . Holes were cut 

20 with a brass tube attached to a soldering iron. The' bottoms 
of the 2 end dishes had 12 mm holes melted through their 
centers. The apparatus was supported on a ring stand. 
Cryogenic collections of corn seedlings were prepared as 
described above, except that no filter paper strip was 

25 placed in the bottom of the collection tube. When the tube 
had warmed to room temperature, it was flushed for 10 sec 
with 100% C0 2 from a tank at 4 psi, then inverted for 30 
sec. . For the control side, an empty sample tube was 
similarly flushed with C0 2 for 10 sec and inverted for 30 

30 sec. Immediately after inversion for 30 sec, each tube was 
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capped and allowed to sit for 15 min to allow the *C0 2 to 
equilibrate. The petri dish apparatus was assembled and a 
bubble level was used to insure that the apparatus was not 
tilted to 1 side or the other. When GC-MS-SIM measurements 
5 indicated that the C0 2 concentrations in the tubes were • 
equal (measured through pinholes in the caps from within 5 
cm of the top of the tubes) both tubes were connected with a 
Teflon connector to the holes in the bottom of the end 
dishes of the bioassay apparatus. The covers were placed on 

10 all 3 dishes and the apparatus was allowed to sit for 5 min 
to allow volatile compounds to begin diffusing. After 5 
min, 10 2nd-instar western corn root worm larvae were placed 
in the center of the middle Petri dish and the cover was 
replaced. The number of larvae in each of the chambers and 

15 ' in the sample tubes was recorded every 5 min for a total of 
30 min. All bioassays were conducted in dim lighting. C0 2 
concentrations within the 3-petri-dish apparatus were 
measured by removing samples through a pinhole in each 
Teflon connector. A 5-yil sample was taken from each side 

20 every 60 sec throughout the 30-minute period and analyzed 
using GC-MS-SIM. Twenty replicates of the behavioral 
bioassay were conducted, and C0 2 measurements were taken for 
8 replicates. 

Statistical Analysis. Analysis of variance was 

25 conducted for e'ach experiment using orthogonal comparisons 
(Winer, 1971) . In most of the experiments, corn volatiles 
were present on one side of the bioassay apparatus, and on 
the other side there was a defined C0 2 concentration that 
was equal to, greater than, or less than that on the corn 
30 volatile side. For each orthogonal comparison, a treatment 
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was compared with its corresponding mean (P = 0.05), for 
both the C0 2 data and the behavioral data. There were thus 
3 orthogonal comparisons for the C0 2 data and also for the 
behavioral data from each of these experiments, with an 
5 experimentwise error rate of P = 0.05. The petri dish 
bioassay was analyzed similarly, except that 7 orthogonal 
comparisons were made, comprising the 7 bioassay intervals, 
for both the C0 2 data and the behavioral data. Means and 
standard errors are expressed as mean + standard error in 
10 the text that follows.. 

Results 

Corn Headspace Versus C0 2 . For the non-diapausing strain of 
15 western corn root worm, significantly more larvae (P < 0.05) 
chose the corn headspace side (Graph 19-1-B) when the 
control syringe contained ambient room air. There was no 
significant difference between the number of larvae that 
chose the corn headspace and larvae that chose the control 
20 when the C0 2 concentrations were the same (Graph 19-1-C) . 
Larvae chose the control side significantly more often when 
the control contained twice the concentration of C0 2 as the 
corn headspace. 

Corn Headspace Versus C0 2 with Diapausing Larvae. Similar 
25 results were obtained with the diapausing strain of western 
corn root worm. Significantly more of the larvae (P < 0.05) 
chose the corn headspace side when the control syringe 
contained ambient room air (Graph 19-1-D) . There was no 
significant difference between the number of larvae that 
30 chose the corn headspace and larvae that chose the control 
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when the C0 2 concentrations were the same (Graph 19-1-E) . 
Larvae chose the control side significantly more often when 
the control contained twice the concentration of C0 2 as the 
corn headspace. 

5 Corn Headspace-Coated Glass Beads Versus C0 2 . Significantly 
more larvae (P < 0.05) chose the corn-coated beads and corn 
headspace side of the bioassay when the control side 
contained ambient room air (Graph 19-2-A) . There was no 
significant difference between the number of larvae that 
10 chose the corn headspace and larvae that chose the control 
when the C0 2 concentrations were the same (Graph 19-2-B) . 
Larvae chose the control side significantly more often when 
the control contained twice the concentration of C0 2 as the 
corn headspace. 

15 Headspace from Corn in Soil Versus C0 2 . The larvae chose 
the corn-coated beads and corn headspace significantly more 
often (P < 0.05) when the control syringe contained ambient 
room air (Graph 19-3-A) . Significantly more larvae chose 
the C0 2 control over the corn headspace when the C0 2 

20 concentrations were the same (Graph 19-3-B) . Larvae chose 
the control side significantly more often when the control 
contained twice the concentration of C0 2 as the corn 
headspace. 

Soil Bioassay. The larvae chose the soil from growing corn 
25 roots significantly more often (P < 0.05) (Graph 19-4-A) 
when the syringe on the corn side contained a higher 
concentration of C0 2 than the control side (Graph 19-4-B) . 
There was no significant difference between the number of 
larvae -that chose the corn headspace and larvae that chose 
30 the control when the C0 2 concentrations were the same. 
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Larvae chose the control side more often when the control 
contained twice the concentration of C0 2 as the treatment 
side . 

Corn Headspace From Western Corn Root worm-Damaged Corn 
5 Versus C0 2 . The larvae chose the headspace from damaged 
corn seedlings significantly more often (P < 0.05) when the 
control syringe contained ambient room air (Graph 19- 5-A) . 
Significantly more larvae chose the C0 2 control over the 
corn headspace when the C0 2 concentrations were the same 
10 (Graph 19-5-B) . Larvae chose the control side significantly 
more often when the control contained twice the 
concentration of C0 2 as the corn headspace. 

Corn Surface Extracts. There was no significant difference 
between the number of larvae choosing the corn extract and 
15 larvae choosing the control when 0.00, 0.003, 0.03, 0.1, 0.3 
and 3.0 gram equivalents were tested (P > 0.05). When the 
treatment side contained 30 gram equivalents, the larvae 
chose the control side significantly more often (P < 0.05) 
than the corn. 

20 Cryogenic Collections of Corn Volatiles. There was no 
significant difference between the number of larvae choosing 
the corn extract and larvae choosing the control when 0, 1, 
3, 10 and 100 germinating corn seedlings were cryogenically 
collected (P < 0.05), but the larvae chose the control side 

25 significantly more often (P < 0.05) than the volatiles 
collected from 300 germinating corn seedlings. 
Petri Dish Bioassay. There was no significant difference 
between the number of larvae that chose the cryogenic 
collection of corn volatiles and larvae that chose the 

30 control (P > 0.05) in the petri dish bioassay (Graph 19-6- 
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B) . During the 30 min that the bioassay was run, there was 
no significant * difference between the C0 2 concentration on 
the corn side and the control side inside the petri dish 
apparatus (Graph 19-6-C) . 

5 

Discussion 

Our current experiments show that the attraction of 
western corn root worm larvae to corn roots is due to C0 2 

10 alone, and that no other volatile chemical cues are 
involved. In an extensive series of choice tests with 
volatile compounds from germinating corn seedlings on 1 side 
of the choice tests and with different concentration's of C0 2 
on the other side, the larvae were strongly attracted to 

15 volatile compounds from corn that were presented on 1 side 
of the bioassay, when ambient air was present on the other 
side. However, larvae chose equally between the 2 sides of 
the bioassay when corn volatiles were present on 1 side and 
an equivalent concentration of C0 2 was present on the other 

20. side. Moreover, when corn volatiles were present oh 1 side 
and a higher concentration of C0 2 was present on the other 
side, most of the larvae chose the C0 2 side. 

Using the vertical Y-tube apparatus containing glass 
beads, a number of different approaches were tested. The 

25 headspace from germinating corn seeds was tested against 3 
defined concentrations of C0 2 with diapausing and non- 
diapausing western corn root worm larvae. Volatiles from 
feeding-damaged corn roots were used to test the possible 
production of attractive compounds by corn roots when they 

30 are under attack by western corn root worm larvae. 
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Surprisingly, the larvae chose the control side slightly 
(but significantly) more often when an equivalent 
concentration of C0 2 was present on that side. It is 
possible that corn roots that are attacked by western corn 
5 root worm larvae respond by producing volatile compounds 
that are slightly repellent to the larvae. We tested the 
atmosphere within soil that contained growing corn roots 
against the atmosphere within control soil to test the 
possibility that attractive compounds are produced by the 

10 interaction of corn roots with microbes in the soil. In 
this test, the soil atmosphere from growing corn roots was 
slightly repellent to the larvae. We tested the possibility 
that compounds of limited volatility may be involved in 
larval attraction by preparing glass beads coated directly 

15 with volatiles produced by germinating corn seeds, and also 
by testing soil that was removed from growing corn roots in 
the Y-tube apparatus. There was no significant difference 
between the number of larvae choosing between the treatment 
and the control in both experiments when the C0 2 

20 concentrations were equal on both sides of the choice tests, 
indicating that compounds of low volatility are not involved 
in larval attraction. 

Diethyl ether extracts of germinating corn seeds on 
filter paper were tested with equal concentrations of C0 2 on • 

25 both sides of the choice test, and cryogenic collections of 
corn volatiles were tested in the same manner. In both 
tests there was no significant difference between the number 
of larvae choosing between the treatment and the control for 
all doses tested except for the highest dose, which was 

30 repellent . 
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In all of these experiments there was no indication 
that any compound other than C0 2 is involved in the 
attraction of western, corn root worm larvae to corn roots. 
This conclusion is in stark contrast to results obtained 
previously in our laboratory. Employing a 3-^petri-dish 
bioassay apparatus with 2ndinstar western corn root worm 
larvae, Hibbard and Bjostad (1989, 1990, 1994) isolated and 
identified 6-methoxy-2-benzoxazolinone (MBOA) as well as 3 
long-chain fatty acids (stearic acid, oleic acid and 
linoleic acid) as attractants for western corn root worm 
larvae. Subsequent field tests showed these compounds to 
have little or no effect (Hibbard et al. 1995). To test 
rigorously any possibility that volatile compounds may be 
active in the attraction of western corn root worm larvae, 
we repeated the experiments previously done in our 
laboratory with the petri dish bioassay apparatus and 
cryogenic collections of corn volatiles. We followed the 
methods we used previously (Hibbard and Bjostad 1988, 1990) 
with 2 exceptions. First, we attached the petri dish 
apparatus to a foamboard base and used a small bubble level 
to insure that the apparatus was not tilted to 1 side or the 
other, because the larvae have a geotropic tendency. 
Second, we capped the sample tubes as soon as the liquid air 
had boiled away and used GC-MS-SIM to determine when the C0 2 
concentrations 'in the tubes were equal. Using this 
approach, we observed much less variablility in C0 2 
concentrations than was present in our earlier work (Hibbard 
and Bjostad 1988) . In these tests, the larvae chose equally 
between the corn volatiles and the control side, providing 
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further corroboration that compounds other than C0 2 are not 
involved in larval attraction to corn. 

One aspect of the present invention is the use of C0 2 
to attract soil organisms (insects, nematodes, mites) away 
5 from their host plants or to confuse the organisms so that 
they are unable to locate the host plants. One source of 
C0 2 that might be used is carbonated water. When used to 
irrigate the soil, carbonated water has been demonstrated to 
enrich the soil and increase the health and production of 

10 certain crops'. Sources of C0 2 can also be used to attract 
soil-dwelling organisms to pesticide granules or to pellets 
containing a biocontrol agent. Under field conditions, 
sufficient C0 2 gradients can be produced by granules of 
potassium bicarbonate co-formulated with an acid and a 

15 pesticide that are broadcast or incorporated into the soil. 
Organic sources can be used to achieve a slow release of C0 2 
for control of soil organisms using various approaches. One 
approach is the co-encapsulation of yeast and a nutrient 
substrate with calcium alginate, or with k-carrageenan, 

20 which is less expensive than calcium alginate. Calcium 
alginate co-encapsulation is relatively new technique in the 
fermentation industry that is currently used as a means for 
storage and dispersal of microorganisms, and has the 
potential to be employed in a variety of applications. 

25 Starch granules can also be used as formulations for 
microbial pesticides, and it is possible to incorporate 
chemical or biological sources of C0 2 into these granules to 
attract and kill soil pests. 

30 
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Figure Legends 



Graph 19-1. (A) Glass bead bioassay apparatus with 

candidate chemical cues in syringes. (B) Choice test 
bioassay with syringe sources containing the headspace from 
germinating corn seedlings versus 3 different concentrations 
of C0 2 alone with larvae from a non-diapausing strain of 
western corn root worm. (C) C0 2 concentrations (measured 
with GC-MS-SIM) of headspace over germinating corn seeds and 
C0 2 mixtures in syringes for the choice tests with larvae 
from a non-diapausing strain of western corn root worm. (D) 
Choice test bioassay with syringe sources containing the 
headspace from germinating corn seedlings versus 3 different 
concentrations of C0 2 alone with larvae from a diapausing 
strain of western corn root worm. (E) C0 2 concentrations 
(measured with GC-MS-SIM) of headspace over germinating corn 
seeds and C0 2 mixtures in syringes for the choice tests with 
larvae from a diapausing strain of western corn root worm. 
Significant differences (P < 0.05) are indicated by 
different .lower case letters. Bars represent standard 
errors . 

Graph 19-2. (A) Choice test bioassay with syringe sources 
containing the headspace from germinating corn seedlings 
versus 3 concentrations of C0 2 alone and the glass beads on 
the treatment side coated with the volatiles from the corn 
headspace. (B) C0 2 concentrations (measured with GC-MS-SIM) 
of the headspace over germinating corn seeds and the C0 2 
mixtures in syringes. Significant differences (P < 0.05) 
are indicated by different lower case letters. Bars 
represent standard errors. 
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Graph 19-3. (A) Choice test bioassay with syringe sources 
containing the atmosphere from soil containing growing corn 
plants versus 3 different concentrations of C0 2 alone. (B) 
C0 2 concentrations (measured with GC-MS-SIM) of the 
5 soil/corn headspace and the C0 2 mixtures in syringes. 
Significant differences (P < 0.05) are indicated by 
different lower case letters. Bars represent standard 
errors (for some treatments, the standard errors are too 
small to be visible on the graph) . 

10 Graph 19-4. (A) Choice test bioassay with soil removed from 
the roots of growing corn plants versus control soil. 
Syringe sources on the treatment side contain 5 mmol/mol C0 2 
and the syringe sources on the control side contain 3 
different concentrations of C0 2 alone. (B) C0 2 

15 concentrations (measured with GC-MS-SIM) of the C0 2 mixtures 
in the syringes. Significant differences (P < 0.05) are 
indicated by different lower case letters. Bars represent 
standard errors (all standard errors are too small to be 
visible on the graph) . 

20 Graph 19-5. (A) Choice test bioassay with syringe sources 
containing - the headspace from germinating corn seedlings 
that have been fed upon by western corn root worm larvae 
versus 3 different concentrations of C0 2 alone. (B) C0 2 
concentrations (measured with GC-MS-SIM) of headspace over 

25 western corn foot worm-damaged corn seedlings and C0 2 
mixtures in the syringes. Significant differences (P < 
0.05) are indicated by different lower case letters. Bars 
represent standard errors. 

Graph 19-6. (A) 3-petri-dish choice test bioassay 

30 apparatus. (B) Choice test bioassay with cryogenic 
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collections of corn volatiles plus C0 2 versus C0 2 alone, 
using 2nd-instar western corn root worm larvae. (C) C0 2 
concentrations (measured with GC-MS-SIM) taken from inside 
the bioassay apparatus. Significant differences (P < 0.05) 
5 are indicated by different lower case letters. Bars 
represent standard errors (for some C0 2 measurements, the 
standard errors are too small to be visible on the graph) . 
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The data shown in the accompanying Graphs 20-23 support 
the appreciation that corn root worm larvae (Diabrotica 
species) are attracted to a granule which has a feeding 
stimulant and/or releases Co 2 . 
5 These findings demonstrate that the control of corn 

root worm larvae provided by such attractant granules can be 
greatly improved by Thiamethoxam, a member of the 
Neonicotinoid class of insecticides. One reason for the 
uniqueness of this class of insecticides is their high level 

10 of efficacy at low rates. Another is that unlike the 
organophosphates used to control corn root worm, 
Thiamethoxam does not repel corn root worm neonate larvae 
(see Graph 20) in the presence of a feeding stimulus. 

As seen in Graphs 21A and B the corn grit granule with 

15 a feeding stimulus and Thiamethoxam at 0.02 mg/gram of 
granule is highly efficacious when applied at 0.25 gram of 
granules/1 kg. of soil. 

The bioassay comprises a laboratory test conducted in 
tubs (30 x 15 x 8 cm) filled with 3000 grams of soil. A 

20 single corn seed is placed 2 cm from one end of the tub. 
After the corn plant is 4 days old, 30 neonate Western Corn 
root worm larvae are introduced into the soil in the end of 
the tub opposite the corn seedings. Larvae are given 24 
hours to attempt to locate and attack the corn plant. 

25 Larvae are recovered from the corn plant. 

For granule tests, a measured amount (0.25 gram of 
prepared granule is mixed into 1.0 kg. of soil (20% 
moisture) . This soil is used to fill the center 1/3 of the 
bioassay tub. 
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Graph 22 shows a similar trial conducted with C0 2 and 
feeding stimulants in combination with various rates (10 mg. 
and 0.3 mg/g.) of CGA-29334 (Thiamethoxam) . Graph 23 shows a 
larval bioassay in soil tubs using various increasing 
5 amounts of Thiamethoxam (e.g., CGA-293343) . Other forms of 
attractants in addition to the C0 2 releasing agents as 
disclosed herein, can also be used in combination with 
insecticides and C0 2 attracting agents. Such compounds 
include, for example, pheromones, generally known by those 
10 of skill in the art, which can be used in combination with 
the present invention and therefore forms part of the 
present invention. 
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Particularly preferred pesticidal compositions that can 
be used in conjunction with C0 2 and feeding stimulants 
referenced above comprise: 
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at least one pesticidaily active compound/. ■ - - ' 
at. least one signal substance/ ":Ar'\: .'./ ' ! - : " : ;-!:^. 

at : least one liquid UV absorber which is only sparingly miscibie : with 
water;:-:;,; - - ="^:.|: : ==n |:i"f-:^- =* ■ ^Ar^T^ 

at least one curable poiym£r : which. after drying of the formulation^ 
has a.sponge-hke structures forms a porous film '■ • . 
at least one surfactant and ■•: : : V " : - - : 

impropriate additives -^l^i^^-::-^--: ; - : 

;?nd:which:dry £nd harden after appiication^ T : ' ..■.-:;■„.■■..•: 
i!n^...... ,.. . . .... """ Compositions according to th^'V..-:. 

jirivehtion can be prepared by \ .^v-v. . : '[. ; -"; • ; 

; : ;V*^a) 'mixing at least one pesticjdaiiy active compound, at least one-': ■■ 
V" "."^signal substance, at Jeast : bne liquid. UV absorber which is only 
•■i:!;!!?:?:*; sparingly miscible with water and : ; ; if : appropriate, additives," . ~ : :V- ■; 
b> d ispersing the resulting mixture in a solution of at least one • ■ 
> J surfactant and-water and.-!!:! : ^;;:=;vP';^":r- : :. \ -.. : -'. : . !! 

!:lj:.r..:: : c)- treating the resulting emuis'ioh : ;with an aqueous solution or-' 
• : ^ dispersion of. at least brie' curabieVpolymer. which, after drying-of "the' 
formulation, has a sponge-like structure or forms a porous film, : and, 

; ;v if appropriate, with additives.;jjj : H^ ;: : ' : ; ■ , : ' 

: :;;;:::^he:'compqsiti6ns"accqrdih to the'invention comprise one or more " : " 
^pesticidally/actiye as meaning-all *■: • 

:; : du'stqma[y;sD insectsV 
;/Lahdruridesirab^ following are . :/ . .;. 

:;:;preTerablyi;suita .: " r * 

^nitrdphenqls and trieirrderivatiyes'/'n 

: : fqrmamidin^ chlorinated 
' ^hy'<froca'r;bp^ : - : 

substances' may be mentioned as examples: ';' • 

^ -abamectin^AC 303"63Qi.acephate,:'acrinathri 

.;:!;::jjj!;: : alph*amethrin; amitraz^avermectin^ AZ. 60541, ;azadirachtin, azinphos./: 
: ^:;h:-h:!A^a2inphps "V ■;. 

: ;: :: : :^:.Bacillus k thuringiensis : , ; bendio'carb,' behfuracarb, bensultap,-"- ' A 
.-h^-betacyfiuthrin. bifenthrin,' BPMG.'ibrdfenprox, bromophos A t ' : :: 

■ ; : : : :::;i;' : bu'fenca 

■^:--i>Ycadusafbsvx^ carbosuifan, . .: 

;] : ::: r: ;;; : :t : artap;!;CGA chlorethoxyfos, - *■ 

:s : H;;|:;;;chld?fenvinphbS; ; chlorfluazuron, : chlprme'phos;"chlorpyrifos, 
•::!l:= ; : !!-' Lchldrpyrifos" M, ;cis-Resmethrin', : clocythrin, clofentezine, cyanophos, 
\ ^"cydpprot^ . 
• : ; : r^iiii-cyrpnnazine,:;- } : AA^AA.^:^ ; : ". - : ^r^ ;:: !;': ; './ " ■ ■ : "■ ■ ■ • 

deltamethrin;;bemetb ' ■• ■ • 

: : ^r :; Vdiaferithiur^ dichlorv'os, diciiphos, ' • 

: . -;;xbicrbtopb6 ' „. 

^ J';r;* : -dihiethyl^nphos^ : -A : '\''' -. : - ■ '- ' A--;' ■■ 

■ edifehph^ 

: ■ ..." 
i : >':y* : . ! ' "feriami'phosrfena'zaquin, fenbutatin oxide,- fenitrothion, fenobucarb, - • 
->::;;! : ;:fenptW^ fenpropathrin, fenpyrad, fenpyroximate, 

f e ri th ip ri -j|iFen va legate /= fi p ron il # fluazinam, f'ucycloxuron, fluey thrinate, 
; ■■ nufendxur;on-: flufenprpx/fluvalinate, fpnpphos/ formdthion, 

fosthiazate,. fubfenprbx- furathiocarb:;" ; :r:::"*;-^.H;-iL:^!:-::"- :: : . : - "■ - : : - 
- HCH; r bep.tenbphos; hexaflumuron, hexy thiazoxy : ; 
- .V. : : > : ' : 1midaclopn^ . 

: . |sd>iSthjpR;i:iyem^e^^ . : -=:: - 

.•' : x: V^-"rinaiathibri;: : meearbjam^^ ■ • : — : 

; : : " ':] : . methaenfosv^ methomyl, - : ' 

: : ::^p"=met6lcarbv:milb"e^ monocrotophos^moxidectin",^;; V - 
naled-:NC::184VNI : 25;>nitenpyran^^ : ■ 

■ \ •'pmethpat t :;dxa^ : ■ ■ ■ . . 
... :'parathioh;A;;'parathipn M, permethrin.i phenthcDaje.'phorate, 

.=*. phosaipherphdsmetyph pirimiphos 
" ' Mi 'pirimiphos^ A^profehofos, promecarb, propaphos, prbpoxur, 
. prothiofbs : ^proth^ ■ 
/* "■ ' ■"pyre : ^melhrin 1 : pyr^t,hrum r 

- quinalphos; : ::\: :: ^\:v :: ;;;- " : . z \ : \y^y^ *■ . V 
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.. RH 5992, ,T • - l \: '.V - ' 

r „: - : . : . salithion, sebufos, silafluoferi.suifotep, sulprofo's, tebufenozia, :;. j;- 
: »»• tebufenpyrad; tebupirimiphos, teflubenzuron, tefluthrin, temephos, .*":; 

terbam, terbufos/tetrachlo^inphbSi ihiafenox, thiodicarb, thiofanox/ V". "\k 
thiomethon.-thionazin,- thuringien^in;- tralomethriri,.triarathen, ; /v- .; 

Kp;:::?.;l:ktria2ophos, : tria2uron ) :trich ■; J:;i:. : -i\;^ / y_ B; 

::H;:::p; : ^ trahsfluth 0^-;^=;"^": jn=|^H?i : . 

-yamidothion/XMC,; '^ ■*; ; j"^. . "yji-.j 

: ;:^ : lSignai materials whic)^ to " theWnVehtion-H" ». 

^comprise can be; all custb'rnary/subste'fe have an attractarit 'action : 

^bhjthe pests' to be combated 'and iwhichralt'er the behaviour of these-pe'sts.' / 
i-iSignal substances--whi'ch : *are pfeferabjyisuitable are pheromones,- 1 : "==- :i=-^===?^ 
:i:kairqmones and: attractantsi; : Exam : ples pt : such materials : which may be U 
:imentipned. are the7qllowing u substancesv^ :.*.- ■'".ri.".-.-. =-=:.-=h:f:==-"==;.=r:-:-[=:;::=-::_.;=_:-- : •. 

Z-5Tdecenyl acetate; ! 'dqdecanyl : ace^^ Z-7-dodeceny I acetate,-:; \ v : -v.- " : . \»»^ 
E-7 : dodeceriyl acetate, •Z-8-dodecen"yracetate/:E-8-dodecenyl.l:;;\-" : ":;; : ;: : 
•V :■:*: acetate, Z^-dodecenyl-ac^tate^-BQ'rdodecenyjacetate,-; ■ ■ . 

\ .V E^10-dodecenyj:acetate, : ::1.ii- : dpdecenyl acetate, -Z-9 :-=.-=--"="-==-===i-=IrI" : •:; ^I:;;;; 
:: : :::":l : -- : "= 1 1 -dodecadienyl acetate; : "E-9>1:1;^ : ;: ;:; . 

» Z-11-tridecenyl acetate, E-I^ridecenyl. acetate, tetradecehyl acetate,- : 
:vAs ':. E-7-tetradecenyi.aceta^ »■::. ■ - : .v^F 

. l:;:, ;\ :: ..acetate, "Z-9-tetradec^ =r. :: . 

: Z-10-tetradecehyracetate : : " """ : ~ '■■'" : " : -7 

' : |:|;. :: :;;: - : Z-1;i -tetradecenyl acefate;i;E-1 l^tetVadeceny I- acetate, : : :- . A ': : ' r : : * * - r ' 
"_y - " Z-1 2-pentadecenyj',acet'at^ hexadecany I / > ' - . .: * 

' V acetate," Z-7-hexadeben^ acetate,- ; 

% " E-IT-hexadecehyl/acetate-j-bctad ;■ ■ . 

; - . . E,Z-7,9 : dodecadiehyi ; a^^ ' 

^: E,E-7;9-dbdecadienyfacetate^^^ - . 

\ V* -E.E^iO^dqdecadien^ - 
* * . E,Z-4 ( 7-tridecadienyl acetate^ ■ 

estragole,; eug'ehol, : ;iridoie; : ; 8-methyl-2-decyl propane .- -:.■* . 
: :: ; : :. r. E.E-9,1 t4etradecadienyl acetatevZvZ-9;12-tetradecadienyl acetate, ■■"":!::■"■■. 
•:; -;■ : Z,Z-7,1 l.rhexadecadienyl acetate'^E.Z^.1 1-hexadecadienyl acetate,- »;:;"■. - ■ ■ '■'. 
"■;:" ' ; Z: E-7,1 Irhexade'cadienyl acetate;:'E', E-7, 1 1 -hexadecadieny! acetate, » : ""!; : ": 
j. ■■V: : ;iZ f E-3 I i3rOctadecadfeny ■ : 

" E,E-3, : 13-octadecadienyi : acetate, : [ethanol, hexanol, heptanol;:": : ■ 
octandl.-.decanol; ZrS-hohenol,-" E : 6 : nohenbl t "dodecanol, *-- - '^ ■ 

11 : dodecenor,*Z- 7-dodecenol i LET7 1 dodecenol, : 'Z-8-dodecenol; - .: • 
■J ' E-8-dodecenol, E : 9Tdode : ceholi' : Z- : 9-dodecenol ) ':'E-9 p 1 1-dodecadienol ; .::::: : .: 
- Z-9 r; il-dodecadie'nqi,;Z;E^5;7-dbdecadienol, E,E-5,7-dodecadienol, ■ . 
:.* : "E ( E-8;10-dddecadienbl,.E, : Z-8,1Q-ddde'cadienol; : .: : : 
"\ I V' : Z,Z-8,l6-dodecadienbl; : Z,E-8;10-dddecadienol, : '. 
' " " £ f Zr7,9-dodecadieribr,;Z-Z-7,9-d^ E-5 : tetradecenoi,: : 
.-.*.. , Z-Stetradecenbl, Z : 9Ttetrade'cen6l;|E-9Ttetradecenol,' 
' ; 'Zr1 Ortetradecenol, Z-1 1 -tetradecenpl, E-1 1 -tetr'adecenol, 
:.. : z/.-. Z-H-hexadecenoi, ■ Z, : E-9;.1:1-:tetradecadienol,' ■ ■ • \ J.-.-hv- 
•;';A::- Z,E-9 ,1 2-tetradecadienol, : Z;Z-9-:12:tetradecadienol,' Z,Z- 10, - 
:^»\i'»;.:124etradecad . " ' 

"i'lZ,E-7-1 1-hexadecadie : nol;:'(E)Tl 4-methyl-8-hexadecen-1-ol,- '';:^:;;:' ; - 
•xZ::v£ :(Z)-14-methyl-8-hexade.ce;h-1-bT,;:E,E^10,12-hexadecadieno 
Ti : '. : r': : V- : E f Z-10 t 12-hexadecadiendl l Vdodeca'nal, Z-g-dodecenal.-tetradecanai,;' 1 ;;:^ 
d..,^:_Z-74etradecenal,.Z-9.rtetradecen^ :-L : ;;--r ' [J" 

.TJr Jr; : !:E-i "t-tetradecenal;" E : -!1 l^tS-tetradecadienal, : :; : :•: v."; ■ • ■■ - A A :: . : . 
^rji^Mii-E.Er^.lO-tetradecadi^ Z.E-9, ^ i . " :; ;=i- : : " : 

j^rTj-^l 2-tetradecadienal; : hexad^ " ;.y 

T ^M|j|:;=Zr9 r hexadecenal,:Z^iO^^ 

iV^n'^P. Z-!i*1 -hexadecenal, = E-llilrh'exaVaeceri'al, Z-1 2-hexadecehal,- " y.'\-y- % ^ ^ . m 
= l r >^Z-t3-hexad'ecenal; : (^ (E)-; : :. : . L .»■-,» ;; ;" ■■ ■ ■ 

"£V^:^14-ifiethyi-8-hexadece • ;-'.. :: : "i .!.:•' : : *: E ir=":-- - ■ 

. ; !fv.!!r': Z, E-7,1 1-hexadecadie*hai;:;Z,Ei9, : 't ' * -% }^ 

nidiiLnrii'-iEvE-IO.^-hexadecadien^ - : 1:>y.; : " : ;r : ; : ' : " 

•r-Zvrlfi!: : -Z I E-10 I 12-hexadecadiera 

;pipji;Lj:;:!2 t Z : il ( 13-hexadecadien^^^ Z-1 1-octadecenal^::n:H:;:!;;!;:;- : l^ . 

-"ly||i!=IIIHI==E^?1 3-octaclecenal. -*Z4=i 3Voct3dfec;esri_3l. Z-5<lecenyl-3-methyl r ;;lH{j:j|:;:^ . "." • 

-iP^i^Lbutanoate Disparlureii^+^cis-Z.S-epoxy^-methyloctadecaneiyip; • - 
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;i;::;:d;rSeudendk sulcata!' ■ »: 

:: : ^::;ji\.rm^/l-5 : hepteri-2-ol, Ipsenol: 2-methyl-6-m'ethylene-7-octeh4-o| :: ^^ 

OliaVlpsdieno^ 

r^^^" 3 ^^^y^-^ohexBne\hanol t Grandlure'lli: \ ~ ^ ...:.p : ':^\ 

Grandlure IV- - V: : ^''\V>: 

Y:X^ E - 3 .3-dimethyI^-cydoh 

MM' fcis^^.S^trimethylbicycloiai 1;1" ]hept-3-en-2-ol-cucurbitacin " •■ StE^S* 
Lr^^:.2-methyK3 : buten-2-ol, 4-methyl-3-tiefitanol t cucurbitafein A^S^ 
•f"!^:-:! 2:methyl-3-buten-2-ol, 4-methyi-3-heptanoi,'.alpha.-pinene- • ^ 
V^.^.S.S-tnme^ .alpha.^caryophylleneA^f 
lr'-:h:-A>P>^ 

^.■>'V> a lpha> """ * T' .'' "J* ;:•=.=■■" :"■ " ' Ml 

j: ^-: r 4-endbJ-5 r e]by!-2 t 4-dim 1 jdctane A,. A. 

meth y'eugenol-'1,2-dimethoxy-4--(2-0ropenyl)jDhenol ( -Lin 
i-'" l :'':tr3 ) 3 / 74nmethyJ-2;9-dioxam^^^ Chaicog'ran ;y A: 
: : ' : :^:f2-ethyi-l ( 6-^ Frbhtalin:' ■ :: ---.".-/--- : *- 

Vv^ : 1 t 5;Dimethyl^ 

^-feendo-7Vethyt-5^ 1 Joctan"""' - ' " n:W^4«- 

-:^;^,(Z)-5-(1 T deceny;i)dihydro-2^(3H),furanon'eV Famesol ..: - . ■ A 

<A>37-11-trjme^ Nerolidol" ■'' A'xr=-' 

\ [i'vY 3,7^,1 V.tnmeth.^ ,"6-{1 -methyl v j A 

: ;- : -;:Vi.ethenyl)-9-decen^1-ol-a'c^tate; . . : . • AAA 

(Z)-3-methyH6-£1:-met^ -of atetate" '"'.^ A^:v 

: (E)-3,9-metfiyl-6 r (i -me.thylethenyl)-5,8-decadien-1 ^ol- acetate "* 
i \^f : ;3-methyiene'-7 l methylfocten-1-ol propionate, " : *'~ ■ -A -l^M 
:-"^l(Z)-3;7rdjme^ \ V . v;A 

:.- -ol propionate?^ 

■. Ifhe.cqmpbsjtions-accbirding. to : the;inventiohcomprise at least dne"liqui<aV j 
UV absorber which; is .only sparingly miscible with water. This is to be' - • * 
understood as. meaning' substances which;are:capable. of absorbing 7 UvAE 
:light,:prefef;ably;UV;rad^tion.'from the sunliqht-in a wavelenqth ranqe : 'oAA 
:fromi270 to^40Q:nnij M " 



Suitable polymers; which itfie compositions;^ to the ihVentidri J'Hfl=i:=:ii^li^^n=h==flH=M 

- ; comprise are; : ali;cust6mary:wate^ 

^copolymers wfiicf^ the-cbmpbsitions/dry as a Hlm'tb^;^^^ 

;i:form'a sppngfclik^ 

ii^are Jhosei vvhibh^^ non-ionic:;:^ir;!- : -' * 

j!j{5P!ymerizatidn;;oji;sm 

iPP!y^ eri 2atidh : ;or;Beadvp6'i^ 

/jjprplher initiatpn;syste^ 

;-;;:;£mpl6yed are;thbs£ : b£se&^ . - : ■■']' : %£ i^Wf^-S^-u 

;;:::/; : ; E'*am'pleis^ U 
; : ;are : the foil6wirig;substances:Tpdlyvihyl lce"tafeT(Mbwiiith®)- polyvinyl yS"r ^D'^ 
^alcohols with/vari6us::degrees;6f hydrolyzation;^ r .V- '.i^^lJ^-y 

;;:.:'poiyvinylpyrro!iddn;es (Garbopol®)/ " : . ! ->: 

jj-acryTdte-, polybfepnpbiy^ binders-which are- •■■ - ^ : "-- r 

;l!:SplubJe/br disfjer^ibj : JJ^'-- : . -I: 

^furthermore cdpblVmers:^ such as acrylic acid,'":- ^ii-t* : r: :'- : " : ^ 

jrimethacrylic add^iitacbri .:■ !: • ; 

^anhydride,^ such asl::" i . 

^ethylene;* bi^ ■ : v J 

i;! : :ralpha>methyls^/jreneVb vinyl tialides,' such • 

»*asyiYiylphlori^ such as;- " : ~ . 

ji'iiyinylacete • ; ; 

jiLketone;; or esters^ . v""' ' . ' 

ijiialcphojs-or ^ rrifethacrylate, ethyl' ,; '•: ' 

j^crylate,. ethylenes decyi :■ ■'■'r- 

ijjiacrylal^ ; 

rp*e thacry la te -:"2r fiy.d roxy propyj _ me thaciy la te'oF- g ly cidyr rirathacrylate/O:^- : . - =.[• : ;■■"'. • 
^furthermore d i ^ thy r:e?ster^: pt : m'onpes tecs"pf/ij h sa fu ra ted" d ica rboxy lie* :*^--_. *• ..»;":.'" • 
:j;iac"ids ): br else (methrJadryjamidp-N^m methyl. ether,; amides or--': • : f*o : 1 

:i;!nitrii : e"s; such as acrylamjfe ; ; v\; j ' . . . y. ._■ . ; ' ■ 

j:;:N : ;methylol-(meth')acfylam and also .; .V- ' ' v 

;r;N : subst!tuted majeinimides^ vinyl : butyl- ether, vinyli? . 

|;U:j^bbutyl ether pt;Vinylrph . \. . \ \ - . ■ 

'liir^When the formufationsidi^ matrix which is not or-^ 

£bply sparingly soluble, prsparihglyfdispens'ibie; in water."- Polymers which:-- " 
,:j;:have a low glass;*traris^ /• 
^particular those substances:"^ temperature of below- : " [ ■- : - : 

idpl^^he compositions acc6rdihg: b : the;jnveritipn comprise pn;e;or:more : ' ;:: - ' - : : . 
•^surfactants. Suitable/surfaeefactiyeTsu are all. those iwhich are:::^-- : * \! . . 

^conventionally used in jher^ prodcicts;jThe^^ ; :-:::;."-"L ' - * 

•^following are preferably^ 

:!::;as"pplyoxyethyleh6 fatty'apM-^ fatty alcohol ethers, ! - : ;*;1 -- : 

*;';alkylaryj polyglycdLeth'efsVifiiit^ alkyTsulphonates; : all<yl' : : : "v" •-" 

Mjjlsuiphates, alkylarylsulphbni^ and silicone surfactants.^:^:;-* 

4: Examples of such su"rface : r3ctive: : substances are listed' in McCutcheon's^ ■ -■" 
'*:n:"Emulsifiers and DeteYge'nts.-:;i'982:NorthlAmerica EditJ/MC Publishing 1 "" 
;rCp;;'175 Rock Road;' Glen/. Rock;;;N:J:;pZ;452 ( USA..-;j^;;!:S i ..i'f^" ■{')}: ■ 
/":;\jj^=Suitable;additiyes"w^ in the compositions' ^ccbrdin^'ip^ : 
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: : to the invention are all those which can conventionally be used as 
f additives in plant treatment products. These include colourants, 
^antioxidants, thickeners, fillers, antifreeze agents and solvents. 
JjjjHjlSuitable colorants are soluble dyes or sparingly soluble colour. . . 

; ;"pigments; such as, for example, titanium dioxide, pigment-grade colour 
i:;b!ack : or : zinc;Oxide. *■" . • " : ; .^niHI . ^jlh^lidii^-lrJik •} "■ 
^;i;||iSuitable antioxidants are all substances which carircbw 
i^employed^ in plant treatment pro^ hindered 

;i|pheh6|s^and : alky^ hydroxy anisojeslahd hydro 

jjjpreferr^ \ . / . '^ili:;: :-v\^:y^^ 

pli^hickeners* which are suitable are all substariceS:Which :: can;: : .V y-^y}'-^: 
^conventions employed for this purpose in jplarit^treatment products": ::- ^ 
^^sifqllcwing are preferably suitable: organic; poly mers/such as partially 
kbtfuliy ;n£iitrajized polyacrylic acids (Carbppol®)", polyethylene glycols :i 'M; 
^(Pblypx®^ and non-ionically/pr ibnically modified :\ ■;. .:':. 

r;!ceiluidsesXJylose®); x'anthan-based thixotropib thickeners (Kelzan®);:-and ; 
p;als6Hh6rgariic[disperse. thickeners,;such as' precipitated or pyrogenicj .f";ii| f :-:f5- 
^sljrcas^k'apH^ and ajumimum/silicbh : ;mixed Oxides.; : 

.1 ! M HlMStiUa b fe" "a = h tif re eze" ag en ts are all substarices ; y/hicK can conventionally!^;' 
:;!:be : employ'ed'for this. purpose in plant treatmenf'products.. Urea, glycerol on 
IHipropy l.eheiglycol -are "all preferably suitable-ill;;;;^ : ; * •"' : !" ':."■'*' 

.;^:;;: : .FilIers are;-again,:all inertmaterials'which-can converitidri'ally'be - : 
^employed fonihis purpose in plant. treatment pr^ : : 
iiiiprefe^ably^suitablei'rockm and : ': 

jliiaiuminum/silicbn" mixed oxides or mixed hydrmides:;i:;i;;P : : : : ". : . .;:=: '.} \.''y'3 : \ 
;;j:ivy!|S6lvents;wWch"are"suitable are ailijhert;6rganic'soivents which czri^Mv^. 
;;ii:c6nyentionally:be employed- for -this' purpose; 

!H;| : The:iplloWing : are preferred: glycol's,, suchyasipfopy^ r- y •'-;-}: j 

i;;.;; : pply ethylene' .glycols :of different m'oIedUlar/Weight'ketdhes, such as methyl::: 
llifisobutyi ketone,; methyl isopropyl ketbne'ari'dcyclbhexanone; amides;:.:-:".: 
!'Tsuch as"dimethylfo'rmamide or diethylformamide; N,N : dialkylated \\ 
|;i;;carboxamides;(for example Hallcomid®); aikyLlactams 1 , such as :!.;!;.-- ! ;'. : .'" !;!."' 
jjijisiib'^ \ 
• ; -;;:Sdrfi : dorid®);|nd cSfprolactairis (for.exanhple: Azone®); hydrocarbons,*' 
\;:rri-paraffins : and'isoparaffins having different'boiling ranges as they are;.:-;;;!:: 
-K6btainable, : :fdr: : example r 'uhder the commercial names;Exxoi®;'Norpar® : ; ;;^ 
vi^ahd lsopan®;Taromatichydrpcarbo • ._ : 

!!jidiStillatipfi!^ esters; : such : "as propylene \"\.vy 

:NHb!yPQ^ : :^^O^^ethy! '^ther acetate^dibutyradipate and".di : n-butyl phthalate;;; ;; ; : 
:^ethers; such :: as propylene glycol methyl ether or propylene glycol butyl 
^reth'er^alcoHols/'such as ethanol, n- and i-pr.opanol,-n-.and i-butanol, n : ":-; : . : »: 
' : : : 'and:i-amyl alcohol; benzyl. alcohol, tetrahydrofurfuryl alcohol,- ■ 
: =-.!l ^methoxy>2-propanol, and higher alcohpis, : and furthermore dimethyl 
:: ;sulphbkide;: : dioxand and tetfahydrbfuran.:;The'solvents;can be employed in' 
. the. form. of individual-components or of mixtures.' Particularly preferred are.=: 
V : those which;are' miscible with the UV stabilizer and:\vhich : are not unduly : : ; 
1 volatile".^.-! ' ' };/■ • :/' : '" "' ' ;:j;r: : ; : ":j;j;l:i "h\' l 'W'^ : : : : : ' • : :' : ' 

■ : i= ::i;Th'e:cb'nce'ntratipns of individual components jn the compositions ■ r - : : : ;: : 
^.according to the- invention can be varied within a substantial range. After: : " ; 
; : deducting the water present in the compositions.according to the '•' 
;: : iinvention ( . : the : concentrations ■" ::\'^:^¥^r^y r ;-.-..:■ 

iot pesticidallyi'active' compounds arb generally between 0.1 and 10%: 
by Weight,-:preferably bebvveen 1 : and 4% by weight,- ' .' . : 

':; : :^: : *: : 'of-'signai : substances are generally beb^/een O.OI-and 1% by weight,::;:^ 
'■ ; :: ^ : i^ : preferably:o.05-:and 0.3% by weight ; ':;:-:H.i:^- - : ; : 
r : '-;: : >^;pf : yV:;absorb are'gerierally between _.:lpyand;80% by weight, ■ . y-J]-^ 
^^t^fiti^beb^eenAO and-70%'by weight,"::h::^|:::^^ : ^ -■ ' -'^'^'O"- 2 / 
^;lbfipblynhers of generally between*.10 : ahd 90%: by.. weight, preferably : ;-; ; : 
; ; ;rii:i;!:t)etween^25 arid : 75% by weight,'- 1 :':; " •"' -."■:.:■ 

■^ •"^•"bf; surface-active substances of generally between 0.1 and 4% by: 

: ^Weight;; preferably between 0.2 and 2% : by vyeight. and 
• : ;j .Tbf additiVds*are:generally between. OrandiSO^ibyweight, preferably:!: : | 
' : i; between 0 and 25% by weight. ; r -L'n^nHIi1ill!^HH=H!l!:^F:nM::' : :] . : :':. : ; : ! 

: . In additioh; : the : 'cbmpositions according to the invention also comprise : ;:: ; 
.water:::The : :Wat : er content prior to drying:.va'nes within' a substantial range. ItV 
" is : generally b'eb//een 50 and 90% by weight; i^^iOr: 1 :/; 1 ":; 
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. When preparing the compositions according to the invention, a 
procedure is'generally followed in which a premix is first prepared by 

■ ^dissolving or.dispersing at least one pesticidally active compound and at\ 

least one signal substance in at least one liquid UV absorber with stirring ».r 
: . at temperatures 'between 20° : ;C.. and 50° C, preferably at room ; . <H 
^temperature/^ added. The premix is-theni: \ : . 

i^dispe^e^ least one surfactant in.water.at pi : i;:;; : ; ; !!: 

"temperatures^ at room temperaturedf 

' ; :The : dispb'r^ing 'process is carried put in* such a way that an oil-in-water;.::-;: ^ 
lemulsibri;is; formed :iH: which : the mean particle size is generally between::.i: :i : 
V0:5 : *ahd 50jpmv : pre 20 |jm. The resulting emulsion^ 

J:sub"sequently : :treated:"with !: a ; 's6lution or dispersion of at leastbne'polymer^ 
:i : in'wateraHd;;:if a'ppropriate/jadd^ C : .;and ; 
;i;50°; : C : :;;p?eferaW a. different.;;;: 

;;:proceduremay be; followed : when preparing the: compositions according. to 
: 'jthe jnventiorivijh principle/ it;is possible to "mixthe components in any r\. .\ : ; 
;l-desired;;sequen^ mixing apparatus [customary for the . : k : 

;;;pfeparatiqrt to; the inventidn.is suitable ;L: 

■ ; ; : : ;:Upbn; : f^^ According to the/inyentipnare :■• : - - : ; 
;|;pbtained:in;a : liqu the viscous * x 
";c6mp6siti6ns;;dryrand: form;a:;nori-flowabie/n6n : tacky coating with good- - 1 -;:": 
^adhesive' p.rdperties : whic forms a porous-:?:;! 
■:;'film^Once;dr^ a firm jo rubber-like .consistency:' # : "_ '-S-r : ; ; ' z . 

HHlXISfer : <?fc*!fti R^sj ti6Hs = a fc6ordj*n = g to theiinyention a're^ for" '[ 

•licpmfiat^ and undesirableTepresentatives; of the order:;-^ 

:jj;Acianna\i\^ agriculture, in forestry : arid'in: * ] ' v 

^Horticultufe;inciudm 

: :i;m : e'ritioned:'^ • •-■^r^r'JX ' '\ /■ '•• - :: - * 

'j;jvFrpm^ aseilub/ ..:■:=' 1 

i;:;Armadillidium. vulgare and Porcellio:Scaber:y : . 

.^Frbm-theiorder.qf the Diplopoda; : fo"r example, -Blaniulus'guttulatus.-.;.- : ;; : 
:Fr6m"the-brder of the"Chi!ppoda»fpr 'example, -Gedphilus carpophagus*";:v 
' : and"Scutigera'.spe^ -V : ~: . : ; ; ; : . - * : :; 1 y.. :. 

. [■■From^he.^ Scuti'gerella immaculata-:::; 

>./::'F'rdm the order of toe Thysahura, for/example, Lepisma saccharina.-; 

;;From:.the;order.bf. theiCollembqla.'for example, Onychiurus armatus. : •■ 
; : .; P; : FrorTi^the:Order of.the : !Orthpptera Blatta orientalis, 

^Periplane^ Blattella germanica, Acheta 

"! : Gbme6tidi^ : / 

:;;'iyielahbplus differentia|is..ahd."Schistocerca :] - "■ \ : : 

: :;Frdm : the order of the : Dermaptera,\for.example, Fprficula auricularia.- 
^■^\Frbm:the : order : of the'lsoptera.'for example, Reticulitermes spp.. ^ 

FrprrV the "order of the'-Anbplura, for. example, Phylloxera vastatrix,: • ; 
;/Pemp : hi§us spp;;*PedicUius ; hum'anus corporis, Haematopinus spp. and 
:;;iLih6gnathus spp.- ^->^:;^;^^:^;p!h ii h;!-^^ : -* ■ ■ •*.'■"*•-■ = : \ 
:h^;LFrom'the.order ; .ofthe iyiallophaga,- 'for example, Trichodectes spp.' and 
: :|:Damaiinea : sppi ' :\ \c:- -J^K--.; ".- i*. • : - .' : v*v : ■ '' 

:»-:»;l:Fr6ni*the : order of the : Thybanoptera|for example, ^ * 
\femqralis andThripst^ •/:.•• ::;.;:'.- ;.". • ■ 

. : ;;::":; Rrom the order of the Heferoptera'.'jforexam'ple, Eurygaster spp., 
!"!Dysdercus intermedius^Piesma quadrata, Cimex lectularius, Rhodnius -y 
.•; : prbfixus and'Triatoma^spp.i^i^V- ' : :: ; F^: :i ■ • -'"" ■ :"" = 

i!;j:!jirFrom the. order of the : Hprfibptera,-for example, Aleurodes brassicae,-. 
iiigemi^ia tabaci, Trialeurbdesvaporariorum, Aphis gossypii/Brevicoryne ; -. 
;^brassicae t ;Cryptomy2Us dbis; : Aphis fabae, Doralis pbmi, Eriqsqma:»:-.l::-: - 
Hfilariigerum;: Hyalopterus : arundinis^Macrosiphum avenae,.Myzus spp'.;,\ . 
^[Phorpdbn hamuli, Rh6"paiqjsiphunri! : p^d spp. r Euscelis ^ •■;:■■:';-.. 

;|Mob£tus ; /N^ .Lec^riium corni, Saisseti'a-bleae, \: ; -V i 

kTEiapd^Iphax striatellusviNiiapan/atalugehs/Aonidiella aurantii^Aspidiotus.;:-: 
^hederae," Pseudococcus 'sp^ : • W ; ' : ':\ ' -':"; 

tlii-iiErbm the order of the. t!bpldoptera?;te Pectinophora ■ r rif'; 

i!;gbssypielia; Bupalus"piniarius;i;Cheimat^ brumata ; Lithocolletis: ;!:^:;^::! \i 
H;Wadcardeila,.Hypohome^^^^ maculipennis, Malacospma i:;;-, 

iiineu^tria; Euproctis chrysbrrhbeaiXymantria spp. Bucculatrix'thurberiella,V; : 
iiiPh'yllocnistis citrella, Agrbtis;spp., : :Euxqa spp., Feltia spp.; Earias insulanaj" 
IHHeliothis spp. ( Spodopteraiexjgua^Mamestra brassicae, Panolis flamrriea^: 
diPrbdenia litura, Spodopter^;spp. f \Trichoplusia ni, Carpocapsa pohibn'elia,:;: 
i-rpieri^.sp'p., Chilo spp.,' : Pyrausta nubiialis, Ephestia kuehniella';;Gallenia.;;::;::;' 
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: |;mellonella, Tineola bisselliella, Tinea" pellibnella. Hofmannophila • ■ ■ 
^SZ e n ^ Cacoecia podana, : Capua reticulana/ Choristoneura . . 
j;^ u ?Sn^ l 5ia *I?^ e ,a " Homona magnanima and Tortrix viridaria: 
ilohS^Sf order of the Coleoptera,;fpr example, Anobium punctatum, . . 
: ||; gh zopertha dominica, Acanthoscelides obtectus, Bruchidius obtectus : ' 
,:;:Hgo rupes : bajulus, Agelastica alni- : lLeptinotarsa decemlirieata, Phaedon 
;:;;cochleanae ; Diabrotica spp., Psylliodes phrysucephaia ; Epilachna V 

^ t0ma ^ a S P P - 0n / zas P h i lu sVsarinamensis -Anthonornus spp. • 
: Sitophilus sp Pj Otiorrhynchus sulcatus, Cosmopolites sordidus ■". : : 
^^0° r ^^s assimilis; Hypera ppstica^Dermestes spp., Trogoderma 
,;;5PP i :..!Anth renus spp. , A tagenus sppj^Lyctus spp ^. Meligethes aeneus, 
;;;Ptinus spp., N,pt us hololeucus, Gibbium psylloides.: Tribolium spp ■ -. ■ 

^n^ n ° n 1t3llt0 '} ^ r !° teS S PP . : e °noderus spp!; Melolontha melolontha ■ 
:;: Am Pn!m.a!lon : splstitialis and Costely tra zealandica lryyr : yv-y -yy-y- : :. 
•:|;f ^ m :.^^Pi;der:of the : Hymenppte?a; : for example- bibrion spp -' - : 
jiiWpP'oca^Pa^spp;.-. Lasius spp., MonQrnorium pharaonis'and Vespa spp • - : 
ifiHilL^rom;: he order of the Diptera,: for;example, Aedes spp - Anopheles 
^fcif V^X- ?PP- Prosophija melandgaster;: Musca sppiv Fannia spp .: ; > ; i 

::!.^as.tnpphi!us spp,, Hyppo.bbsca spp^Stonioxys 7 spp- Oestrus spp ■ ' ■ - 
ijiHypoderma spp : ,,Tabanus spp,;. Tannia-spp'-.Bibio hortulanus, Osdn'ella 
.;;fr%enprbia spp;; Pegomyia hyoscyamii- e.eratitis capitata; Dacus oleae ■: . * : 
;;:and:Tipyla: paludosa. : - y] : . ■■yYW^MmY^^^ - : ^ : :.- :;: : .-. 

ip^F^m^^prder of the Siphonaptera![fppxample, Xenopsylla cheopis 
:; ; :an ; d; : Geratophyl.lus sppV.;v::i ; ; ; -.' ■^■:yyyyiiyy----yyyy:-- y—- -yyy yyy yM 
p. !f jomthe: order of the Arachnida^for example^ and " ^ 
;;L-atrodectUS ; mactans. -.:": -;:fy- ;: -*V;L;;iPPp: : ^: y-y-yiyy- yy - :!•;:.: . 
j;^;:Fromthe order of fhe Acarina, for.'elampie, Acaruslsiro" Argas spp V"' 
;;Prn!? : hQdpros spp:vDermariyssus gallinae , Eriophyes ribis, Phyllocoptr'uta ' 
;;° le| V?. ra v:Boophilus spp., Rhipicephalus spp.r Amblyorrima spp : : ■- - ' • ■ ■ ' 
Hyalomma spp;,:lxodes :spp.. Psoroptes spp.; :Chorioptes spp Sarcoptes" 
ijsPPt.^Ia/sonerous spp , Bryobia praetiosa, Panonychus spp and : . 
Jetranychus spp::l . / : :\y yMMi:i ■ " ■ : : ±:'y'yy<'y.- .-. ■ ■ ; 
: : Ihe cpmppsitions;.accor : ding tb; th'e':mVe'ntioh can be applied- to the : 
:: ; plants.oir areas, under cultivation to be-treated in the form of droplets - ■ 
-i^oP.-. 1 ^? areas or-thin defined layers: by usingcbnventional devices as : : - 
; they are known to those skilled in the; art.: Particularly: suitable for the : - 
: treatment of fruit-beating trees or of Vines is a process in which a defined 
L^ou.nt pf : the. formulations according to : the invention is applied to the stem 
or.the plants -.vith the aid of.ddsing dispensers; pipettes or syringes it also ' : 
^being-possible for the application devices jto be provided with a brushinq : ■■■ 
device or with.a surface nozzle to distribute.the compositions over a " ' •'• 
^substantial area tq.cover it.entirely. It is also possible to spread the 
.formulations according to the.inyention.'dnto a solid carrier where they are- 
:allpwed : to. : harden, to cut up the resulting solid coatings and to attach the 
; indiyidual:pieces at the sites where they are desired in each case- •• 
: ; i:i : ;The : ampunts in which the compositions according to the invention : are- : :; :: 
if pp.l.ied,ca.n.:.be.varied within a substantial range: They are generally on the i 
prdeqpf . magnitude which is conventionally chosen: for the aoplication of : : -- ; 
: .attract-and-kill formulations". ■ - :: ' • . . • : 
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One new class of insecticides that is gaining 
significant recognition in the market place are the so- 
called "neonicotinoid" insecticides. * Compounds of this 
class include, for example, the compounds imidacloprid, 
5 acetamiprid, and thiamethoxam that are described, for 
example, in U.S. patent nos. 4742060 and 5304566 and 
EP580553A2, respectively. 

At least one neonicotinoid compound of formula (I) 

10 




X 

(I), 



wherein 

A is 2-chloropyrid-5-yl, 2-methylpyrid-5~yl, l-oxido-3- 
pyridinio, 2-chloro-l-oxido-5-pyridinio, 2, 3-dichloro-l- 
oxido-5-pyr idinio , tetrahydrof uran-3-yl , 5 -methyl - 
tetrahydrof uran-3-yl or 2-chlorothiazol-5-yl group, 
R is hydrogen, C^-Cgalkyl, phenyl-C x -C 4 alkyl, C 3 - 

C 6 cycloalkyl, C 2 -C 5 alkenyl or C 2 -C 6 alkynyl; 

R x and R 2 are independently of each other Ci-C^-alkyl, C 1 -C 4 - 
alkenyl, C^-C^-alkinyl , -C(=0)-CH 3 or benzyl; or together 
form a group -CH 2 -CH 2 -, -CH 2 -CH 2 -CH 2 -, -CH 2 -0-CH 2 -, 
-CH 2 -S-CH 2 -, -CH 2 -NH-CH 2 - or -CH 2 -N (CH 3 ) -CH 2 - ; and 
X is N-N0 2 or N-CN or CH-N0 2 ; , or, where appropriate, a 
tautomer thereof, in each case in free from or in salt form. 

The compounds (I) may be in the form of tautomers . 
Accordingly, hereinbefore and hereinafter, where appropriate 



20 
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the compound compounds (I) are to be understood to include 
corresponding tautomers, even if the latter are not 
specifically mentioned in each case. 

Preferred compounds of the formula (I) are those 
5 wherein A is a pyrid-3-yl, 2-chloropyrid-5-yl, 2-chloro-l- 
oxido-5-pyridinio or 2-chlorothiazol-5-yl group; 
particularly a 2-chloropyrid-5-yl group or preferably a 2- 
chlorothiazol-5-yl group; wherein R is C^-Cgalkyl, phenyl-C^- 
C 4 alkyl, C 3 -C 4 alkenyl or C 3 -C 4 alkynyl ; more especially C^- 

10 C 4 alkyl, preferably methyl; R x and R 2 are independently of 
each other C 1 -C 4 -alkyl or benzyl, or together a group 
-CH 2 -CH 2 -, -CH 2 -CH 2 -CH 2 -, -CH 2 -0-CH 2 -, -CH 2 -S-CH 2 -, 

-CH 2 -NH-CH 2 -, -CH 2 -N (CH 3 ) -CH 2 -, especially group -CH 2 -CH 2 - or 
-CH 2 -0-CH 2 -, particularly -CH 2 -0-CH 2 -; and X is N-N0 2 or N- 

15 CN, more especially N-N0 2 . 

Especially preferred is an at least quaternary 
pesticidal composition comprising an insecticidally 
effective amount of a compound selected from the group 
consisting of: a compound of the formula 

20 




da) , 

imidacloprid, (E) -1- (2-chlorothiazol-5-ylmethyl) -3-methyl- 
nitroguanidine (TI-435) , nitenpyram, thiacloprid, and 
25 acetamiprid; particularly the compound of the formula (la) 
(thiamethoxam or CGA 293,343). 
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The compounds (I) are capable of forming acid addition 
salts. Those salts are formed, for example, with strong 
inorganic acids, such as mineral acids, for example 
perchloric acid, sulfuric acid, nitric acid, nitrous acid, a 
5 phosphoric acid or a hydrohalic acid, with strong organic 
carboxylic acids, such as unsubstituted or substituted, for 
example halo-substituted, Ci-C^alkanecarboxylic acids,, for 
example acetic acid, saturated or unsaturated dicarboxylic 
acids, for example oxalic, malonic, succinic, maleic, 

10 fumaric ■ or phthalic acid, hydroxycarboxylic acids, for 
example ascorbic, lactic, malic, tartaric or citric acid, or 
benzoic acid, or with organic sulfonic acids, such as 
unsubstituted or substituted, for example halo-substituted, 
C 1 -C 4 alkane- or aryl-sulf onic acids, for example methane- or 

15 p-toluene-sulf onic acid. Furthermore, compounds of formula 
(I) having at least one acidic group are capable of forming 
salts with bases. Suitable salts with bases are, for 
example, metal salts, such as alkali metal or alkaline earth 
metal salts, for example sodium, potassium or magnesium 

20 salts, or salts with ammonia or an organic amine, such as 
morpholine, piperidine, pyrrolidine, a mono-, di- or tri- 
lower alkylamine, for example ethyl-, diethyl-, triethyl- or 
dimethyl-propyl-amine, or a mono-, di- or tri-hydroxy-lower 
alkylamine, for example mono-, di- or tri-ethanolamine . In 

25 addition, corresponding internal salts may also be formed. 
Preference is given within the scope of the invention to 
agrochemically advantageous salts. In view of the close 
relationship between the compounds of formula (I) in free 
form and in the form of their salts, any reference 

30 hereinbefore or hereinafter to the free compounds of formula 
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(I) or to their respective salts is to be understood as 
including also the corresponding salts or the free compounds 
of formula (I), where appropriate and expedient. The same 
applies in the case of tautomers of compounds of formula (I) 
5 and the salts thereof. The free form is generally preferred 
in each case. 

Yet a* further aspect of the present technology relates 
to the combination of an attractant feeding stimulant for 
corn root worm with particular insecticides. For example, 

10 in one embodiment, an attractant feeding stimulant for corn 
room worm with a neonicotinoid class of insecticides, and 
even more preferably, thiamethoxam. The inventors are the 
first to appreciate that while commonly used corn root worm 
insecticides, (such as organophosphates/carbonates) repel 

15 the neonate corn root worm larvae, neonicotinoid compounds 
do not repel such larvae. Thus, the present invention 
provides for the attraction of corn root worms used in 
conjunction with a technology that terminates or kills such 
root worms and root worm larvaes, thus providing a fully 

20 functional root worm control method and compound whether 
applied as a seed treatment or as a granule which is applied 
to the soil at planting. As one of ordinary skill in the 
art will appreciate, other insecticide compounds that do not 
repel boring insects, such as the corn root worm, will also 

25 find application and are within the scope of the invention. 

Of the many possible formulations that can be utilized 
in conjunction with the present invention are those 
described in U.S. Patent No. 5,707,638, incorporated in its 
entirety herein by this reference. In particular, an 

30 insecticidal attract-and-kill formulation comprising the 
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following is useful in combination with the C0 2 attractants 
mentioned herein: 

0.1 to 10% by weight of an insecticidally active 
compound selected from cyfluthrin, (5-cyf luthrin and 
trans fluthr in, 

0.01 to 1% by weight of a signal substance selected 
from E,E-8, 10-dodecanedienol and Z-ll-tetradecenyl 
acetate, 10 to 90% by weight of a polyvinyl acetate, 
10 to 80% by weight of a UV absorber selected from a 
benzotriazole, and 

a 2-hydroxy-4-methoxy-benzophenone and 2-(2™ethyl- 
hexyl) -2-cyano 3, 3-diphenyl-2 propenoate . 

The foregoing description of the present invention has 
15 been presented for purposes of illustration and description. 
Furthermore, the description is not intended to limit the 
invention to the form disclosed herein. Consequently, 
variations and modifications commensurate with the above 
teachings , and the skill or knowledge of the relevant art , 
20 are within the scope of the present invention. The 
embodiments described hereinabove are further intended to 
explain best modes known for practicing the invention and to 
enable others skilled in the art to utilize the invention in 
such, or other, embodiments and with various modifications 
25 required by th'e particular applications or uses of the 
present invention. It is intended that the appended claims 
be construed to include alternative embodiments to the 
extent permitted by the prior art. 
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What is claimed is : 

1. A method to attract termites, comprising: 
providing a C0 2 emitting source in an enclosure having 

openings sufficient to allow termites to pass therethrough, 
5 said C0 2 emitting source selected from the group comprising . 

a biological, chemical or mechanical component, said C0 2 

source releasing concentrations of t C0 2 above that found in 

ambient soil; 

providing an insecticide that does not repel a corn 
10 root worm larvae; and 

positioning said enclosure with said C0 2 source- 
contained therein at locations such that termites are 
attracted to said C0 2 source rather than to structures 
sought to be protected. 
15 2. The method as set forth in. Claim 1, wherein said 

C0 2 emitting source generates C0 2 in a concentration of from 
between about 2 to about 50 mm mol/mol. 

3. The method as set forth in Claim 1, wherein said 
C0 2 emitting source comprises a biological source comprising ■ 

20 charred cellulose material. 

4. The method as set forth in Claim 1, wherein said 
C0 2 emitting source comprises C0 2 or C0 2 mimics combined 
with sources of insecticides, food, feeding stimulants and 
materials that stimulate insect movement. 

25 5. The method as set forth in Claim 1, wherein said 

C0 2 emitting source comprising burned or charred natural or 
artificial materials. 

6. The method as set forth in Claim 5, wherein said 
burned or charred materials are selected from the group 
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consisting of wood, paper, cardboard, fabric, textiles, 
wool, silk, bone, hair, horn and claws. 

7. The method as set forth in Claim 1, further 
comprising providing an agent toxic to termites within said 

5 enclosure. 

8. A method for controlling root worm infestation, 
comprising: 

applying an organic component selected from the group 
consisting of spent grain, distiller's grain, corn cob grits 

10 and microorganisms capable of producing effective amounts of 
C0 2 at about the time of planting and/or cultivation of a 
crop, and applying an effective amount of an insecticide in 
conjunction with said organic component, said component 
applied by a method selected from the group consisting of 

15 plowing said compound into a field onto which a crop is to 
be grown and applying said compound between the rows of crop 
plants, whereby said compound emits effective levels of C0 2 
to attract corn root larvae. 

9. The method as set forth in Claim 8, wherein the 
20 step of applying comprising plowing said organic component 

into the soil of a field such that said components are 
administered in strips between or adjacent to rows of corn. 

10. The method as set forth in Claim 8, wherein said 
step of applying is conducted during the planting and 

25 cultivation periods of a corn crop. 

11. The method as set forth in Claim 7, wherein said 
organic component comprises spent grain, distillers grain or 
corn cob grits in a dry state wherein said components are 
applied to a field prior to such components being web, and 
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. thus, still possessing the ability to evolve significant 
amounts of C0 2 - 

12. A method for attracting boring insects, comprising 
placing a source of C0 2 emitting agent, in combination with 

5 an insecticide that does not repel corn root worm larvae, an 
effective distance from the roots of plants such that 
larvae/insects are attracted to said agent without causing 
damage to said plant roots. 

13. The method as set forth in Claim 12, wherein said 
10 boring insects are selected from the group consisting of 

termites, corn root worms, carpenter ants and carpenter 
bees. 

14. * A method as set forth in Claim 12, wherein said 
C0 2 emitting source further provides fertilization to said 

15 plants . 

15 . A formulation- for attracting corn root worms, 
comprising an insecticide that does not repel corn root 
worms and an effective amount . of a component selected from 
the group of spent grain, distillers grain, corn cob grits, 

20 germinated corn, clean cracked corn, malted barley, malted 
grain, corn gluten feed, fungal organisms; bacteria, algae, 
microorganisms, inorganic carbonates, calcium carbonate, 
bicarbonate, alkyl carbonate, urea-based components, and 
mixtures thereof. 

25 16. A termite trap device, comprising a jar having a 

cover operatively associated therewith, said cover having 
apertures therein such that the total area of apertures with 
respect to the jar's surface comprises no more than about 
10% of the surface area of said cover, said jar containing 

30 an attractant material comprising a C0 2 emitting source. 
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17. The trap as set forth in Claim 16, wherein said 
jar also contains soil having a moisture content of at least 
about 10% by weight. 

5 
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ABSTRACT 

A method and device for attracting insects involving 
the generation and/or release of particular amounts of 
carbon dioxide, in combination with an insecticide that does 
not repel such insects. Particular formulations as well as 
devices which incorporate such formulations for trapping, 
attracting and destruction of particular insects, including 
boring insects, such as termites and corn root worm insects, 
is set forth. Particular methods of administration of 
formulations and devices to enhance insect control and to 
prevent crop damage are disclosed. 

J:\2730\~65\-CIP\patent app.wpd ' 
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ALLOWED CLAIMS 



What is claimed is : 

1 . A method for controlling corn root worm infestation, comprising: 
applying an organic component selected from the group consisting of spent grain, 

distiller's grain, corn cob grits and microorganisms capable of producing effective 
amounts of C0 2 at a plurality of locations and at about the time of at least one of: 

5 planting and cultivating a crop, wherein said locations are purposefully spaced apart from 
plants of the crop so as to produce a CO2 soil concentration, at most of said locations, of 
at least 12.5% higher than a CO2 soil concentration substantially at a crop plant, so that a 
CO2 soil gradient is produced that is directed away from roots of the crop plant, said 
gradient attracting corn root worms away from the crop plant; and 

10 applying an effective amount of a thiamethoxam insecticide in conjunction with 

said step of applying said organic component so that said insecticide is ingested by the 
com root worms that are attracted away from the crop plant, the attraction consisting 
essentially of said CO2 soil gradient; 

wherein said organic component is applied by a method selected from the group 

15 consisting of: (i) plowing said organic component into a field onto which the crop is to be 
grown, and (ii) applying said organic component between the rows of crop plants. 

2. The method as set forth in Claim 1, wherein the step of applying 
comprising plowing said organic component into the soil of a field such that said 
components are administered in strips between or adjacent to rows of corn. 

3. . A method for controlling a corn root worm infestation, comprising: 
applying an organic component selected from the group consisting of spent grain, 
distiller's grain, corn cob grits and microorganisms capable of producing effective 
amounts of CO2 at a plurality of locations and at about the time of one of: planting and 
5 cultivation of a crop, wherein said locations are purposefully spaced apart from plants of 
the crop so that a CO2 soil gradient is produced that is directed away from roots of the 



crop plant such that the corn root worms move more in a direction of said gradient than 
toward the crop plant, said gradient being essentially an only emitter coming from one of 
the locations that attracts the corn root worms away from one or more of the crop plants, 
10 wherein there is a CO2 soil concentration, at most of said locations, of at least 12.5% 
higher than a CO2 soil concentration substantially at crop plants; and 

applying an effective amount of a neonicotinoid class of insecticide in 
conjunction with said step of applying said organic component so that said insecticide is 
ingested by the corn root worms that are attracted away from the crop plant, substantially 
1 5 by said CO2 soil gradient; 

wherein said organic component is applied by a method selected from the group 
consisting of: (i) plowing said organic component into a field onto which the crop is to be 
grown, and (ii) applying said organic component between the rows of crop plants, 

wherein said organic component is applied under the soil at a time of year that the 
20 corn root worms are attracted to said organic component. 

4. The method as set forth in Claim 3, wherein said step of applying is 
conducted during the planting and cultivation periods of a corn crop. 

5. A method for attracting corn root worm larvae, comprising: 

placing, at a plurality of locations, a source of CO2 emitting agent, in combination 
with a thiamethoxam insecticide that does not repel corn root worm larvae, at effective 
distances from the roots of crop plants such that the corn root worm larvae are attracted to 
5 said agent locations and away from the roots of the crop plants; 

wherein each of said effective distances is from one of said locations L so that a 
CO2 soil gradient is produced that directs the corn root worms away from roots of the 
crop plants and toward one of said locations, said gradient being essentially an only 
emitter coming from L that attracts the corn root worms away from one or more of the 
10 crop plants, wherein there is a CO2 soil concentration of at least 12.5% higher at L than at 
a CO2 soil concentration substantially at the roots of the crop plants. 



6. A method for attracting corn root worms, comprising: 

placing, at a plurality of locations, a source of CO2 emitting agent, in combination 
with a neonicotinoid insecticide that does not repel corn root worms , at effective 
distances from the roots of crop plants such that the corn root worms are attracted to said 
agent locations and away from the roots of the crop plants; 

wherein each of said effective distances is from one of said locations L so that a 
CO2 soil gradient is produced that directs the com root worms away from roots of the 
crop plants and toward one of said locations, said gradient being essentially an only 
emitter coming from L that attracts the corn root worms away from one or more of the 
crop plants, wherein there is a CO2 soil concentration of at least 12.5% higher at L than at 
a CO2 soil concentration substantially at the roots of the crop plants. 

7. A method for controlling corn root worm infestation, comprising: 
applying an organic component, at a plurality of locations, about the time of one 

of: planting and cultivation of a crop, said organic component capable of producing an 
effective amount of CO2, wherein said locations must be spaced apart from plants of the 
crop so that said organic component causes increases in CO2 soil concentration, above 
ambient CO2 soil concentrations at roots of the plants, to occur at soil positions away 
from the locations, said effective amount at each of the locations being a CO2 soil 
concentration of at least 12.5% higher than a CO2 soil concentration substantially at a 
crop plant root mass; 

wherein at at least one of said positions P and one of the locations L, an increase 
in CO2 soil concentration at P is effectively an only attractant, coming from L, for corn 
root worms to move closer to L than toward one of the crop plants; 

wherein said organic component is applied under the soil at a time of year that the 
corn root worms are attracted to said organic component ; 

applying, in conjunction with said organic component, an effective amount of a 
compound selected from the group consisting of: 

abamectin, AC 303 630, acephate, acrinathrin, alanycarb, aldicarb, 
alphamethrin, amitraz, avermectin, AZ 60541, azadirachtin, azinphos A, azinphos M, 
acocyclotin; 



20 Bacillus thuringiensis, bendiocarb, benfuracarb, bensultap, betacyfluthrin, 

bifenthrin, BPMC, brofenprox, bromophos A, bufencarb, burofezin, butocarboxin, 
butylpyridaben; 

cadusafos, carbaryl, carbofuran, carbophenthion, carbosulfan, cartap, CGA 
157 419, CGA 184699, chloethocarb, chlorethoxyfos, chlorfenvinphos, chlorfluazuron, 
25 chlormephos, chlorpyrifos, chlorpyrifos M, cis-Resmethrin, clocythrin, clofentezine, 

cyanophos, cycloprothrin, cyfluthrin, cyhalothrin, cyhexatin, cypermethrin, cyromazine; 

deltamethrin, demeton M, demeton S, demeton-S-methyl, diafenthiuron, 
diazinon, dichlofenthion, dichlorvos, dicliphos, dicrotophos, diethion, diflubenzuron, 
dimethoate; 

30 dimethylvinphos, dioxathion, disulfoton; 

edifenphos, emamectin, esfenvalerate, ethiofencarb, ethion, ethofenprox, 
ethoprophos, etrimphos; 

fenamiphos, fenazaquin, fenbutatin oxide, fenitrothion, fenobucarb, 
fenothiocarb, fenoxycarb, fenpropathrin, fenpyrad, fenpyroximate, fenthion, fenvalerate, 
35 fipronil, fluazinam, flucycloxuron, flucythrinate, flufenoxuron, flufenprox, fluvalinate, 
fonophos, formothion, fosthiazate, fubfenprox, furathiocarb; 

HCH, heptenophos, hexaflumuron, hexythiazox; 
Imidacloprid, ipobenfos, isazophos, isofenphos, isoprocarb, isoxathion, 
ivermectin, lambda-cyhalothrin, lufenuron; 
40 malathion, mecarbam, mervinphos, mesulfenphos, metaldehyde, 

methacrifos, methamidophos, methidathion, methiocarb, methomyl, metolcarb, 
milbemectin, monocrotophos, moxidectin; 

naled, NC 184, NI 25, nitenpyram; 
omethoat, oxamyl, oxydemethon M, oxydeprofos; 
45 parathion A, parathion M, permethrin, phenthoate, phorate, phosalone, 

phosmet, phosphamidon, phoxim, pirimicarb, pirimiphos M, pirimiphos A, profenofos, 
promecarb, propaphos, propoxur, prothiofos, prothoate, pymetrozin, pyrachlophos, 
pyridaphenthion, pyresmethrin, pyrethrum, pyridaben, pyrimidifen, pyriproxifen, 
quinalphos; 
50 RH 5992; 



salithion, sebufos, silafluofen, sulfotep, sulprofos, tebufenozia, 
tebufenpyrad, tebupirimiphos, teflubenzuron, tefluthrin, temephos, terbam, terbufos, 
tetrachlorvinphos, thiafenox, thiodicarb, thiofanox, thiomethon, thionazin, thuringiensin, 
tralomethrin, triarathen, triazophos, triazuron, trichlorfon, triflumuron, trimethacarb, 
55 transfluthrin; 

vamidothion, XMC, xylylcarb, zetamethrin. 

8. The method of Claim 1, wherein said effective amounts are greater than 
approximately 2.51 mmol/mol CO2. 

9. The method of Claim 3, wherein said crop plants are corn. 

10. The method of Claim 5, wherein said crop plants are corn. 
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